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// 19  Abstract  (Continued) 

Leishmania  mexicana  (Texas  strain)  to  hamsters  in  the  laboratory  as  early  as 
4  days  following  the  infecting  bloodmeal. 


SUMMARY 


hlebotomus  martini ,  a  vector  of  viscera)  leishmaniasis  in  Kenya,  was 


colonized  in  the  laboratory  for  the  first  time  using  larval  food  and  other  tech¬ 
niques  developed  at  the  University  of  Florida.  Phlebotomus  duboscqi,  a  vector 
of  cutaneous  leishmaniasis,  was  discovered  in  Kenya  at  a  site  where  Lei shman ia 
major  has  been  isolated  from  rodents.  A  paper  describing  the  previously  unknown 
male  of  Sergentomyia  blossi  from  Kenya  was  completed.  The  eggs  of  5  Lutzomy ia 
species  were  compared  with  the  aid  of  the  scanning  electron  microscope.  Specific 
differences  in  the  outer  structure  of  the  eggs  were  found.  A  new  --pecies  of 
Lutzomy i a  from  California  and  2  new  species  from  Arizona  were  discovered.  They 
and  11  other  North  American  Lutzomy i a  were  illustrated  in  a  review  paper  of  the 
North  American  fauna.  Additional  species,  including  2  undescribed  taxa,  were 
studied  from  Ecuador,  Peru  and  Surinam.  The  reference  col  1 ect ion  of  New  World 
Phi ebotominae  now  contains  specimens  of  280  American  species  with  66  holotypes 
and  nearly  100  paratypes  making  it  one  of  the  most  complete  collections  in 
existence.  Five  Lutzomyia  species  from  the  U.S.A.  are  being  maintained  in  the 
laboratory;  3  of  them,  L^  shannon  i ,  _L.  d  iabol  i  ca  and  L_.  anthophora  transmitted 
Leishmania  mexicana  (Texas  strain)  to  hamsters  in  the  laboratory  as  early  as  4 


days  following  the  infecting  bloodmeal. 
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PROGRESS  REPORT 


A.  INTRODUCTION 

The  importance  of  phlebotomine  sand  flies  as  vectors  of  leishmaniasis  and 
arboviruses  in  many  parts  of  the  world  is  considerable.  The  World  Health 
Organization  estimates  that  400,000  new  human  cases  ov  leishmaniasis  occur  each 
year  in  the  world.  At  present,  there  is  an  epidemic  of  visceral  leishmaniasis 
(kala-azar)  in  India.  Over  100,000  human  cases  have  been  reported.  In  Iran 
the  incidence  of  cutaneous  leishmaniasis  has  risen  sharply  due  to  the  movement 
of  soldiers  and  other  nonimmunes  in  endemic  foci.  In  the  Isfahan  and  Khuzistan 
areas,  the  incidence  of  the  disease  is  estimated  to  be  30  cases  per  100  people, 
total  population  at  risk  is  about  100,000  persons.  In  Peru  there  is  currently 
a  resurgence  of  cutaneous  leishmaniasis  and  bartonel los-is  in  Andean  valleys; 

495  cases  of  the  latter  disease  were  reported  in  the  entire  country  in  1981. 

It  is  believed  that  over  3,000  cases  will  be  reported  in  1982  based  on  present 
data. 

The  WHO  in  1977  stated  that  "...taxonomic  studies  of  the  vectors  are  of 
fundamental  importance  due  to  the  difficulty  in  identifying  them."  The  WHO 
Scientific  Working  Group  on  the  Leishmaniases  recommended  that  continued  support 
be  given  to  maintaining  sand  fly  reference  collections  and  to  projects  dealing 
with  the  systematics  of  the  group.  There  is  a  need  for  new  practical  field 
keys.  The  establishment  of  laboratory  colonies  of  vectors  is  considered 
important  for  studies  on  genetics  and  vector  competence. 

B.  OBJECTIVES 

The  objectives  of  this  project  are: 

1)  To  prepare  keys,  illustrations  and  other  aids  to  identification  both 
by  geographic  areas  and  by  taxonomic  groups. 
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2)  To  arrive  at  a  more  satisfactory  classification  of  the  subfamily 
Phlebotominae. 

3)  To  build  a  reference  collection  of  Phlebotominae. 

k)  To  maintain  one  or  more  species  in  the  laboratory  to  provide  immatures 
and  adults  for  taxonomic  and  disease  studies. 

C.  RESULTS 

Kenya  trip  (16  June  -  7  Aug.  1981).  Specific  results  on  studies  of 
phlebotomine  sand  flies  in  Kenya  are  given  in  Appendix  I.  The  most  significant 
accomplishment  was  the  establishment  and  successful  colonization  of  Phi ebotomus 
martini  in  the  laboratory.  This  species  is  the  suspected  vector  of  visceral 
leishmaniasis  in  that  country  and  has  not  been  previously  colonized  in  the 
laboratory.  A  paper  reporting  this  accomplishment  is  in  press  (Beach  et  al.  1 983 ) - 

The  PI  and  Captain  Ray  F.  Beach  discovered  Phi ebotomus  duboscqi  at  Marigat, 
Baringo  District.  This  species,  belonging  in  the  medically  important  subgenus 
Phi ebotomus  and  previously  unknown  in  Kenya,  is  a  proven  vector  of  cutaneous 
leishmaniasis  elsewhere  in  Africa.  Lei shman i a  isolated  from  rodents  from  Baringo 
were  earlier  identified  as  Leish.  major  —  the  parasite  that  is  transmitted  by 
—  duboscqi  in  west  and  central  Africa.  Thus,  the  possibility  exists  that 
this  sand  fly  may  be  involved  with  transmission  cf  this  parasite  among  rodents 
in  the  Baringo  District  as  well.  A  short  paper  reporting  the  discovery  of  P. 
duboscqi  in  Kenya  was  submitted  for  publication  (Beach  et  al.  1982). 

The  male  of  Sergentomyia  blossi,  also  previously  unknown  (undescribed),  was 
discovered  by  the  PI  during  this  trip.  A  paper  describing  it  was  accepted  for 
publication  (Young  et  al.  1982). 

Taxonomy  of  New  World  Phlebotomines.  Eggs  of  five  Lutzomyia  spp.  were 
studied  with  the  aid  of  th-a  scanning  electron  microscope  (Appendix  II).  The 
existing  classification  of  eggs,  tased  on  the  egg  surface  structure,  was  slightly 
modified  although  too  few  species  are  represented  and  thus  the  classification 
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remains  tentative. 

A  paper  describing  a  new  species  of  Lutzomy ia  from  California  was  completed 
and  sent  to  press  (Young  et  al.  1983).  Unlike  most  other  New  World  phi ebotomi nes , 
this  species  occurs  in  arid  habitats. 

Two  additional  undescribed  species  of  Lutzomy ia  from  the  U.S.A.  were 
discovered.  Descriptions  and  illustrations  of  them  and  all  other  North  American 
species  were  completed.  A  review  of  this  fauna,  including  identification  keys, 
is  given  in  Appendix  III. 

Flight  trap  collections  in  Ecuador  in  1981  and  1982  yielded  another  new 
species  of  Lutzomy  ia  (Tr  ichophoromy  ia)  as  well  as  L^.  ayroza  i ,  an  anthropophi  1  ic 
species  previously  unreported  in  Ecuador.  The  specimens  were  given  to  the  PI 
by  colleagues  working  in  the  country.  Other  newly-collected  specimens  from 
Peru,  Brazil  and  Surinam  were  examined.  Lutzomy j a  (vexator  group)  n,  sp.  and 
L_.  shawi  were  taken  in  man-biting  collections  in  Amazonas,  Peru.  Both  represent 
new  records  for  the  country.  These  and  other  species  were  illustrated  and 
will  be  included  in  the  handbook  of  the  neotropical  ph I ebotomines  which  is 
presently  being  compiled. 

The  reference  collection  continued  to  grow  with  over  280  American  species 
represented,  making  the  collection  one  of  the  most  complete  in  existence. 

Sixty-six  holotypes  and  nearly  100  paratypes  are  included  in  this  collection. 

Laboratory  colonization  of  phi  ebotomines.  Five  species  of  Lutzomy  i  a  ,  L_. 
vexator,  L_.  d iabol  ica ,  L_.  anthophora ,  L_.  shannon  1  and  L_.  cruc iata ,  are  being 
maintained  in  our  laboratory.  The  paper  on  rearing  techniques,  mentioned  in 
the  1981  Annual  Report,  is  now  in  press  (Endris  et  al.  1982).  So  far,  attempts 
to  rear  9  out  of  9  phlebotomine  species  using  these  methods,  developed  in  our 
laboratory,  have  been  successful. 

A  trip  to  Texas  in  May  and  June  1982  was  made  to  obtain  living  material 
of  L_.  d  iabol  i  ca  ■  Six  hundred  females  were  dissected  after  oviposition  to  search 
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for  natural  infections  of  Lei shman i a .  None  was  positive  but  enough  eggs  were 
obtained  to  initiate  a  strong  laboratory  colony.  This  species  is  strongly 
anthropophi 1 ic  and  is  the  suspected  vector  of  cutaneous  leishmaniasis  in  Texas 
and  Northern  Mexico  (Appendix  III).  This  species,  L_.  shannon!  and  IL.  anthophora , 
all  of  which  occur  in  the  U.S.A.,  are  capable  of  transmitting  Lei shman ia 
mexicana  (Texas  strain)  to  hamsters  in  the  laboratory  from  4  to  6  days  following 
an  infecting  bloodmeal.  The  vector  potential  of  their  species  was  previously 
unknown. 
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APPENDIX  I 


Results  of  Studies  on  Phlebotomine  Sand  Flies  in 
Kenya  (16  June  -  1  August  1981)^ 

1 

D.  G.  Young 

Dept,  of  Entomology  &  Nematology 
University  of  Florida 
Gainesville,  Florida,  U.S.A.  32611 


Introduction 

The  role  of  sand  flies  as  vectors  of  cutaneous  and  visceral  leishmaniasis 
in  Kenya  and  elsewhere  is  well  known.  Phlebotomus  (Synphlabo tonus)  martini 
Parrot  is  the  incriminated  vector  of  Kala-azar  in  Kenya  but  the  female  is 
morphologically  inseparable  from  those  of  I?,  celiae  Minter  and  :p.  vansomerenae 
Heisch,  Guggisberg  &  Taesdale.  Thus,  the  specific  identification  of  wild-caught 
females  in  some  endemic  areas  of  Kenya  is  open  to  question. 

In  order  to  study  possible  differences  among  these  taxa  and  to  furnish 
material  for  experimental  work,  it  is  considered  important  to  establish  labora¬ 
tory  colonies  of  these  species.  In  addition  to  this  objective,  fresh  material  of 
other  species  is  required  to  complete  an  identification  key  to  the  sand  flies  of 
Kenya.  The  present  distribution  of  phlebotomines  requires  further  study. 

The  following  work,  considered  to  be  a  preliminary  effort,  was  conducted  by 


^Scientist  -  in  Residence,  Leishmaniasis  Vector  Biology,  The  International 
Centre  of  Insect  Physiology  and  Ecology,  Nairobi,  16  June  -  1  August  1981. 
Financial  support  was  provided  by  U.S.  Army  Medical  Research  &  Development 


Contract  D ADA-17-72-  C  -2139. 


three  investigators  -  Dr.  Mutuku  Mutinga,  XCIPE;  Dr.  Raymond  F.  Beach,  U.S.A. 
Medical  Research  Unit  -  Kenya;  and  the  author. 

Methods  and  Materials 

1.  Field  Collections. 

Localities  Sampled 

A.  Kalawa,  Machakos  District;  various  dates  from  18  June  - 
24  July,  1981. 

B.  Tseikuru,  Kitui  District;  23  -  26  June. 

C.  Marigat,  Baringo  District  (Perkerra  Horticultural  Sub¬ 
station)  ;  7-10  July. 

D.  Rabai,  Mombassa  District;  24  -  28  July. 

E.  Amboselli  National  Park,  Kajiado  District;  7  August. 

We  aspirated  sand  flies  from  termite  hills  or  other  resting  sites  at  each 
locality  using  a  simple  suction  tube.  At  Marigat,  human  and  calf  bait  were 
used  to  secure  living  flies.  The  insects  were  gently  blown  into  a  230  ml 
plastic  jar,  the  bottom  fourth  of  which  was  filled  with  plaster  of  Paris  and 
wetted.  A  plastic  screen  covered  a  35  mm  diameter  hole  in  the  lid,  allowing  for 
ventilation  and  for  providing  a  surface  for  depositing  drops  of  honey  water. 

At  the  field  laboratory,  all  flies  collected  during  the  day  were  released  into  a 
rectangular  plexiglass  feeding  cage.  A  cloth  sleeve  covered  one  end.  The  bottom 
and  back  of  this  cage  were  covered  with  plaster  of  Paris  to  serve  as  a  resting 
surface  for  the  insects.  To  maintain  high  humidity,  we  placed  the  feeding  cage 
inside  a  larger  cooler  chest  v;ith  damp  towels.  Virtually  all  of  these  activities 
apply  to  the  Marigat  site  where  sand  flies  were  relatively  abundant. 

A  confined  hamster  and/or  lizard  were  placed  in  the  cage  for  at  least  two 
hours  each  day.  Engorged  female  flies  were  then  placed  in  individual  7  dr  vials 


and  transported  to  Nairobi. 

We  also  collected  flies  with  CDC  light  traps  and  a  flight  trap.  Dead 
flies  v/ere  preserved  dry  betv/een  sheets  of  t'ssue  paper  in  pill  boxes. 

2.  Laboratory  Techniques 

We  reared  larvae  following  the  procedures  of  Young  et  al.  (1981)  . 
Laboratory  methods  for  handling  and  feeding  adults  were  essentially  the  same 
as  those  outlined  above  under  "Field  Collections." 

Slide-mounting  procedures  followed  those  cf  Young  (1979) .  Through  the 
kindness  of  Dr.  tlutinga,  1  had  the  opportunity  to  study  some  of  the 
phlebotomines  in  his  extensive  collection  at  ICIPE. 

Results 

At  Marigat,  over  507  of  unfed  females  in  the  genera  Sergentom.yia  and 
Phlcbotomus  fed  on  the  confined  hamster  or  lizard.  Mortality  was  surprisingly 
low  and  we  secured  over  300  eggs  from  9  females  of  P_.  martini  and  hundreds  of 
eggs  from  3  spp.  of  Sergentonyia  -  af ricana,  S_.  schwetzi  and  S_.  antenna ta. 

The  fact  that  wild  martini  females  fed  readily  on  a  confined  hamster  was 
especially  encouraging.  From  these  300  eggs  it  appears  that,  for  the  first  time, 
a  laboratory  colony  of  P_.  martini  has  been  established  (R.  Beach,  Personal  comm.). 

Taxonomic  studies  yielded  several  interesting  results.  Near  Rabai,  we 
collected  a  male  of  Sergentom.y  ia  blossi ,  previously  unknown.  A  paper  describing  it 
has  been  submitted  for  publication  (Young  et  al .  1982). 

At  Marigat  in  the  Rift  Valley  where  Kala-azar  is  endemic,  we  collected  a 
male  of  Phlcbotomus  (Phlcbotomus)  dubosequi  Neveu-Lomaire  in  a  light  trap  (7-10 
July) .  This  discovery  represents  the  first  time  this  species,  or  any  other  in 


the  medically  important  subgenus  Phlebotomus ,  has  been  found  in  Kenya. 

Elsewhere  in  Africa  P.  duboscgui  is  a  vector  of  cutaneous  leishmaniasis.  Fe¬ 
males  are  anthropophilic  and  will  bite  in  the  daytime  inside  houses. 

In  the  "to  be  identified"  section  of  Dr.  Mutinga's  collection,  we  identified 
two  females  of  orientalis  or  close  ally  also  from  Marigat.  Previous  to  this 
discovery,  this  species  in  Kenya  was  known  only  from  two  specimens  collected 
in  East  Kenya  outside  of  the  Rift  Valley.  Males  of  this  species  are  needed  to 
confirm  the  identification.  Its  role  in  disease  transmission,  if  any,  remains 
to  be  determined.  In  the  Sudan  P_.  orientalis  is  a  major  vector  of  Kala-azar. 

More  than  1000  additional  phlebotomines  were  collected,  mostly  common  forms 
such  as  S.  bedfordi ,  S.  antenna ta,  S.  africana,  £.  schwetzi,  £.  suberecta  and  P. 
martini .  Drawings  of  some  of  them  were  completed  for  use  in  an  identification 
key  being  written.  This  work  is  continuing. 

Although  there  was  little  time  for  comparison  with  light  traps,  the  flight 
trap  (Grcssitt  &  Gressitt  1962)  captured  a  fair  number  of  sand  flies  at  Marigat 
(142  specimens,  3  trap  days)  .  P.  martini ,  £.  bedfordi ,  S^.  antenna  ta ,  S^. 
schwetzi ,  adleri  &  Sh  africana  were  represented.  Traps  of  this  kind  can  be 
left  in  the  field  for  an  indefinite  period  of  time  and  are  useful  for  studying 
seasonal  distribution,  direction  of  flight,  etc. 
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APPtWDlX  H 


(In  press) 


A  COMPARISON  OF  OOCYTE  TOPOGRAPHY  OF  FIVE  PHLEBOTOHINE  SANDFLIES  (LUTZOMY IA) 
WITH  THE  SCANNING  ELECTRON  MICROSCOPE  (DIPTERA:  PSYCHOOIDAE )1 

INTRODUCTION 

The  egg  surface  structure  of  19  neotropical  Phlebotomine  species  has  been 
described  (Zimmerman  et  al .  1977,  Ward  Ready  1975)  using  the  scanning  electron 
microscope  (SEM).  Ward  and  Ready  (1975)  noted  three  species-specific  topographic 
patterns,  i.e.,  polygonal,  parallel  ridging,  and  volcano-like.  Several  authors 
(Chaniotis  and  Anderson  1964,  Addis  1945,  Lindquist  1936,  Barreto  1941,  and 
Sherlock  1957a, b,  1963)  described  and  figured  the  eggs  of  17  neotropical  sandfly 
species  using  light  microscopy.  After  examining  the  literature  cited  and  eggs 
from  the  5  species  described  herein  we  propose  adding  another  category  to  the 
patterns  of  Ward  and  Ready  (1975);  that  is,  parallel  ridges  connected  or 
parallel  ridges  unconnected. 

The  classification  of  eggs  of  41  species  of  New  World  sandflies  according  to 
the  proposed  scheme  is  presented  in  Table  1. 

MATERIALS  AND  METHODS 
*  % 

Eggs  were  obtained  from  females  reared  in  laboratory  colonies.  The  prepara¬ 
tion  method  of  eggs  for  SEM  based  on  the  work  of  Quattlebaum  and  Carner  (1980) 
is  as  follows: 


1.  Eggs  were  placed  on  a  filter  paper  disc  in  a  1  cm  deep  plastic  container  cut 
from  a  plastic  film  cannister. 

2.  The  plastic  container  was  floated  in  a  50  ml  Tri-pour®  polystyrene  beaker 
containing  5  ml  aqueous  1%  OSO4 

3.  The  paper  lid  was  installed  and  the  entire  container  was  sealed  in 
Parafilm®  and  held  in  an  exhaust  hood  at  room  temperature  for  5  days. 

4.  After  5  days  exposure  to  osmium  vapor  the  inner  container  was  transferred 
to  a  covered  petri  dish  for  24  hr  to  allow  slow  drying  of  the  eggs. 

5.  Eggs  were  attached  to  an  SEM  stub  using  either  double-sided  tape  or  0.1% 
aqueous  hydrcbromide  polylysine  (Polysciences,  Inc.,  Warrington,  PA  18976), 
sputter-coated  with  approximately  300A°of  gold  in  an  Eiko  Engineering  IB-2  Ion 
Coater,  and  examined  in  a  Hitachi  S-450  scanning  electron  microscope  (SEM)  at  2C 

KV . 

Eggs  were  measured  in  microns  at  lOOx  with  a  compound  microscope  and  an  ocular 
micrometer.  Intact  fresh  eggs  or  recently  hatched  eggs  were  acceptable  whereas 
old  eggs  or  infertile  eggs  usually  collapsed  making  accurate  measurement  dif¬ 
ficult.  Eggs  to  be  measured  were  placed  on  a  microscope  slide  in  Histocon®.  In 
each  sample  the  eggs  were  produced  by  5-10  females. 

RESULTS 

The  SEM  micrographs  of  the  sandfly  eggs  are  shown  in  Figures  1  and  2. 

Descriptions  of  eggs  of  each  species  are  as  follows:  Measurements  given  are  the 
range,  mean,  and  standard  deviation  for  egg  length  and  width  for  each  species. 

Lutzomyia  shannoni  (Dyar,  1929),  Florida  specimens 


Fig. 1(2),  2(2) 


Size:  N  =  102,  L:  290-340  (330  +  10),  W:  70-110  (90  +  10) 

Exochorion:  High,  narrow  longitudinal  ridges  connected  by  prominent  perpen¬ 
dicular  ridges  forming  4  and  5  sided  polygons  which  are  frequently  rectangular. 

Lutzomyia  diabolica  (Young  and  Perkins  1982),  Uvalde  CoT,  Texas 
Fig. 1(1),  2(2) 

Size:  N  =  47,  L:  340-370  (350  +.  10),  W:  90-110  (100  +  10) 

Exochorion:  Surface  topography  is  characterized  by  a  series  of  discontinuous 
parallel  longitudinal  ridges  that  are  not  laterally  connected. 

Lutzomyia  vexator  (Coquillett  1907),  Levy  Co.,  Florida 
Fig. 1(3),  2(3) 

Size:  N  =  193,  L:  330-390  (380  .+  10),  W:  80-110  (100  +.10) 

Exchorion:  Surface  topography  consists  of  delicate  parallel  longitudinal 
ridges  with  regular  perpendicular  connections  that  form  polygons  which  are 
nearly  square.  There  are  also  occasional  oblong  cells. 

Lutzomyia  anthophora  (Addis  1945),  Cameron  Co.,  Texas 
Fig. 2(5) 

*  «• 

Size:  N  =  100,  L:  330-370  (340  +  10),  W:  80-100  (80  +  10) 

Exochorion:  Reticulation  consists  of  weak  parallel  longtitudinal  ridges  with 
slight  perpendicular  connections  at  irregular  intervals. 

Lutzomyia  cruciata  spp.  (Young  and  Perkins  1982),  Alachua  Co.,  Florida 
Fig. 1(4),  2(4) 

Size:  N  =  61,  L:  320-370  (340  10),  W:  80-120  (100  +.  10) 

Exochorion:  Wide,  flat,  parallel  longitudinal  ridges  with  occasional  weaker 
connecting  ridges  which  are  not  usually  perpendicular  to  the  longtitudinal 
ridges. 


Discussion 


Several  techniques  were  tried  for  preserving  the  eggs  to  prevent  collapse 
under  vacuum  in  the  SEM  column.  The  method  used  here  yielded  the  best  results 
when  fertile  eggs  were  used. 

A  "standard"  EM  fixation  procedure  using  1%  OSO4  as  a  fixative  followed  by  5% 
aqueous  acrolein,  dehydration  in  dimethoxpropane  and  acetone,  then  critical 
point  drying  with  Freon  as  a  transition  solvent  proved  unsuccessful  because  most 
specimens  collapsed  in  SEM.  Lyophil ization  and  critical  point  drying  of  eggs 
without  fixation  were  also  unsuccessful. 

A  technique  which  was  not  used  but  one  which  may  be  promising  is  freeze 
drying. 

The  size  variation  of  eggs  laid  by  individual  females  was  determined  by 

measuring  10  eggs  from  each  of  10  J-.  vexator  females.  The  variation  in  egg 

lenfl+h  and  width  between  females  ranged  from  10-50  microns  and  from  10-30 

•  •%* 

microns,  respectively.  As  a  result  of  broad  intraspecific  variation  it  is  not 
possible  to  separate  the  eggs  of  different  sandfly  species  by  size.  Therefore, 
the  surface  sculpturing  is  the  only  characteristic  of  the  egg  that  can  be  used 
for  species  determination. 
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PHLEBOTOMINE  SAND  FLIES  OF  NORTH  AMERICA 
(DIPTERA:  PSYCHODIDAE)1 

D  G  YOUNG1  AND  P  V  PERKINS2 

ABSTRACT.  Fourteen  species  of  Lutzumyui  sand  flies  are  recorded  from  North  America,  north  of  Mexico. 
Two  of  them.  L.  apache  n.sp.  and  L.  tanyopsis  n.sp.  from  Arizona,  are  described  for  the  first  time.  L.utzumyia 
diabolica  is  treated  as  a  valid  species,  distinct  from  /..  cruauta.  l.utzomyta  vexator,  having  a  widespread  geographic 
distribution  in  North  America,  is  considered  as  a  monotypic  taxon  without  subspecies.  Identification  keys, 
distributional  data,  references,  biological  and  disease  information  are  provided. 


INTRODUCTION 

During  the  past  decade,  interest  in  North 
American  sand  flies  has  increased  due  to  con¬ 
firmed  reports  of  autochthonous  human  leish¬ 
maniasis  in  Texas  (Shaw  et  al.  1976),  canine 
leishmaniasis  in  Oklahoma  (Anderson  et  al. 
1980),  and  Rio  Grande  virus  in  Seotonui  wood- 
rats  in  Texas  (C'.alisher  et  al.  1977).  Phleboto- 
mines  are  the  suspected,  but  as  yet  unproven, 
vectors  of  these  diseases  in  these  foci. 

This  report  summarizes  the  published  and 
unpublished  information  on  the  taxonomy 
and  geographic  distribution  of  the  known  spe¬ 
cies  of  l.utzumyui  Franya  in  North  America 
(north  of  Mexico),  including  information  on 
their  bionomics  and  vector  potential  where 
known.  References  and  identification  keys  arc- 
provided. 

Coquillett  (1907)  first  reported  sand  flies  in 
the  Western  Hemisphere.  He  described  Lutzo- 
myia  cruciata  (as  Flebotomus  crueiatus)  from 
Guatemala  and  L.  vexator  (as  Flebotomus  vexator) 
from  Plummer’s  Island,  Maryland.  Shannon 
(1913)  observed  L.  vexator  females  feeding  on 
snakes  at  the  type-locality  and  speculated  that 
another  female  had  bitten  a  person  sleeping 
inside  of  a  cabin. 

A  group  of  biologists  from  Cornell  University 
were  tormented  at  night  by  biting  sand  flies  on 
Minnie’s  Island.  Okefenokee  Swamp,  Georgia 
in  1912.  Johannsen  (1943)  recalled  that  a 
"member  of  the  party  counted  over  75 


'  Research  supported  by  U.S.  Army  Medical  Re¬ 
search  and  Development  Command  contracts  DADA 
I7-72-C-2I39  and  DA MD  17-82-C-2223,  and  by 
the  Steffen  Brown  Foundation.  Fla.  Agric.  F.xp.  Stn. 
Journal  Series  No.  5347. 

2  Department  of  Entomology  and  Nematology, 
University  of  Florida.  Gainesville.  Ft.  32611.  Present 
address  of  P.  V.  Perkins:  Department  of  Entomology. 
Walter  Reed  Army  Medical  Center,  Walter  Reed 
Army  Institute  of  Research,  Washington.  DC  20307 
The  opinions  or  assertions  contained  herein  are  the 
private  views  of  the  authors  and  are  not  to  be  con¬ 
strued  as  official  or  as  reflecting  the  views  of  the 
Department  of  the  Army  or  the  Department  of  De¬ 
fense. 


punctures  on  his  body,  another’s  hands  and 
arms  were  swollen  to  abnormal  size.  .  .  ."  Local 
residents,  acutely  aware  of  these  insects,  called 
them  “merye  wings,"  an  Elizabethan  English 
term  reflecting  the  origin  of  most  of  the  resi¬ 
dents.  Johannsen  (1943)  studied  one  defective 
sand  fly  (lot  no.  1981),  concluding  that  it  dif¬ 
fered  from  L.  vexator  in  wing  venation  and  pal¬ 
pal  proportions  but  he  did  not  further  describe 
the  specimen  which  has  since  been  lost  (Quen¬ 
tin  Wheeler,  in  litt..  1982).  The  identity'  of  these 
man-biting  sand  flies  remains  unknown,  but 
they  probably  represented  L.  shannon i  (Dyar) 
and/or  L.  cruciata. 

Apart  from  this  report  and  from  man-biting 
observations  of  L.  shannon i  in  the  southeastern 
USA.  the  only  other  area  in  North  America 
where  sand  Hies  commonly  bite  people  is  in 
southcentral  Texas.  Pat  man  (1919)  observed  a 
species,  later  named  Phlehotomus  diaboticus  Hall 
1936,  biting  people  at  Uvalde,  T  exas.  Lindquist 
( 1936)  added  more  information  on  the  habits  of 
this  species  and  reported  that  females  attacked 
man  at  night  in  dwellings  from  2000  to  2400  hr. 
We  now  know  that  L.  ciiabolica  will  attack  man  in 
the  daytime  as  well. 

Phlebotomise- borne  diseases  in  the 
United  States 

Cutaneims  leishmaniasis  in  humans 

Simpson  et  al.  (1968)  documented  the  first 
parasitologically-confirmed  human  case  of 
autochthonous  leishmaniasis  in  the  USA. 
Leishmaniae  were  obsetved  in  tissue  smears 
and  culture  medium.  The  patient,  who  suffered 
from  diffuse  cutaneous  leishmaniasis,  had  lived 
in  San  Benito,  Gameron  Go.,  Texas  for  her 
entire  life  except  for  occasional  visits  to  the 
Mexican  border  states  of  Tamaulipas  and 
Nuevo  Leon.  Subsequently,  Shaw  et  al.  (1976) 
discussed  2  additional  human  cases  of  cutane¬ 
ous  leishmaniasis  in  Texas  (Gonzales  and  Dil- 
worth  counties).  T  hey  believed  that  the  disease 
had  been  locally  acquired  in  both  cases.  Walton 
et  al.  (1977)  identified  one  of  the  Texas  strains 
(no.  I  156)  as  belonging  in  the  Leishmania  mexi- 
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until  complex-  Peters  (1981),  referring  to  the 
Texas  l.inlimnnui  as  I  rish,  mrxit  anu  pifmwi.  sug¬ 
gested  that  the  disease  may  have  been  intro¬ 
duced  Irom  Venezuela.  Kreut/er  et  al.  (1988) 
identified  one  Texas  strain  (\VR  127)  as 
l.eiihmania  mexunnn  mexicann.  Parasites  were 
cultured  from  a  boy  with  a  facial  lesion,  who 
probably  contracted  the  disease  in  the  vicinity 
of  Uvalde.  Texas  in  1981  (Larry  Hendricks, 
personal  communication).  Three  unrelated 
persons  front  or  neat  Sail  Antonio,  Texas, 
contracted  cutaneous  leishmaniasis  in  1982  and 
it  is  believed  the  infections  were  also  locally 
acquired  (  Tracy  Gustafson,  personal  communi¬ 
cation).  In  view  of  these  reports,  there  is  a  good 
possibility  that  Stewart  and  Pile  hner  ( 19-15)  ear¬ 
lier  had  correctly  diagnosed  cutaneous  leish¬ 
maniasis  in  a  hov  who  lived  neat  Alice,  Texas. 

The  epidemiologv  of  leishmaniasis  in  Texas, 
though  not  vet  studied,  may  be  similar  to  that 
in  nearby  Goahuila  State.  Mexico  where 
Ramos- Aguirre  (1970)  discussed  8  autoch¬ 
thonous  human  cases,  2  of  whic  h  were  <>l  the 
diffuse  form,  similar  to  that  reported  bv 
Simpson  et  al.  (1908).  Diaz  Najera  (1971)  col¬ 
lected  specimens  of  /..  dmbnliiti  at  Mu/c|uiz. 
Goahuila.  a  site  where  one  of  the  patients  lived. 
This  sand  flv.  the  onlv  species  known  to  bite 
people  in  Texas  and  northern  Mexico,  is  the 
suspected  vector.  The  nonlorested,  relatively 
tlrv  habitat  in  these  areas  differs  greatlv  from 
classical  l.ii\hmunui  nitximnn  loci  in  tropical  for¬ 
ests  of  southern  Mexico,  Gentral  and  South 
America. 

Ymrinl  Irnhiniintuus  in  c/«gv 

Mac  V’ean  et  al.  (1979)  and  Anderson  et  al. 
(1980)  reported  visceral  leishmaniasis  in  hunt¬ 
ing  dogs  (lox  hounds)  Irom  a  kennel  al  Kd- 
mond  near  Oklahoma  City.  Oklahoma.  The 
disease  continues  to  be  transmitted  to  dogs  at 
this  site,  but  its  origin  remains  unknown.  The 
causative  agent  is  similar  u> l .rishmonut  Amutmni 
infinitum,  a  parasite  causing  c  anine  and  human 
visceral  leishmaniasis  in  the  Old  World 
( Dec  ker-Jac  kson  and  d  ang  1982,  Kenan  et  al. 
198.5),  but  Kreut/er  et  al.  ( 1988)  identified  the 
parasite  as  1  .t  nhmania  mexiftnm.  Mac  V’ean  et  al. 
(1979)  captured  specimens  of  l.iitziimxm  neat 
the  kennel  in  the  forest.  We  provisionally  iden¬ 
tified  one  of  the  males  as  /..  xvxator.  on  the  basis 
of  a  drawing  of  the  gonostylus  kindly  given  to 
vis  by  R.  A.  Ward,  Walter  Reed  Army  Institute 
ol  Research.  The  vector  of  leishmaniasis  at  this 
site  remains  unknown,  /.eo/tmcoiiu-infec  ted  dogs 
are  occasionally  imported  into  the  United  States 
and  Ganada  from  endemic  areas  (Maness  1981. 
Simpson  et  al.  1982)  and  there  is  recent 
serological  evidence  that  covotes  Irom  Texas 


inav  Ih-  infected  with  the  disease  (Grogi  el  al. 
198d). 

Rio  Gninile  Virtu  in  vrrtihriilri 

Rio  Grande  virus,  family  Bttnyav Iridae. 
genus  PhMinvtni\  (bishop  et  al.  1980),  was 
named  bv  Galishet  et  al.  ( 1977)  who  recovered 
the  virus  from  Sinlnmii  woodrals  neat 
Brownsville.  Texas  and  found  serological  evi¬ 
dence  ol  infection  in  other  vertebrates  but  not 
in  people.  I.ittzinnxin  nnthophini'  (Addis)  is  the 
suspected  vet  tot  based  on  the  habits  of  the  spe- 
cies.  its  close  association  with  woodcuts,  and  its 
proven  abilitv  to  vertiiallv*  transmit  the  virus  in 
the  laboratorv  (Kndris  et  al.  1988). 

I'liiiiMln  ii/  iimphiliiiiiii  ami  n/itihx 

Avala  (1978)  gave  references  to  his  earlier, 
detailed  studies  on  amphibian  and  reptile  para¬ 
sites  associated  with  phlebotomines.  especially 
I..  ivxiitui.  in  central  Galifornia.  He  showed  that 
sand  (lies  were  suitable  hosts  for  7 'rxfuininnmti 
hiiliiphli'hotinm  Ayala  ol  toads  and  /  .  veWci/tciti 
Ayala  and  T.  f’inluinti  Avala  and  McKay  of 
lizards.  A  saurian  malaria.  Plnuniidium 
mi'Xininum  Thompson  and  Huff,  developed  to 
the  sporozoite  stage  in  sand  llies  and  was  infec¬ 
tive  when  inoculated  into  Snliipnru '  fence 
lizards.  Wild-caught  sand  flies  also  were  found 
infected  with  hemogregat  ittes  (Hr/ictf tenon  sp. 
ooevsts)  that  infected  both  lizards  and  snakes 
following  experimental  inoculations  (Avala 
1970a). 


MK  THOHS  AND  VIA  TTK1AI.S 
Tit  I  It  C  Clt  I  tc  I  toss 

The  divetsitv  ol  the  sand  llv  fauna  in  a  given 
area  is  best  determined  bv  using  a  combination 
of  collection  techniques.  Such  techniques  were 
disc  ussed  bv  Lewis  (197.8.  1971)  and  Ghaniotis 
(1978),  lit  the  present  stuck,  adult  sand  flies 
were  rouunclv  searched  f or  in  their  diurnal 
resting  sites,  including  ttee  trunks,  under  loose 
bark  of  dead  standing  trees,  tree  hollows,  ani¬ 
mal  burrows  and  dens,  rock  crevices  and  other 
protected  tnit  rohahituts.  Specimens  were  cap¬ 
tured  with  a  simple  lif  e  aspirator,  burrow  traps 
and  sticks  paper  traps.  Kndris  el  al.  (1982)  out¬ 
lined  procedures  lot  handling  sue  It  wild-t  aught 
sand  flies  lor  rearing  purposes. 

flight  traps  and  GDG  light  traps  were  used 
whenever  possible  (see  Gtessitt  and  Gressitt 
1962,  Sudia  and  Ghamlterlain  1962).  fives  arc 
effective  devices  for  capturing  most,  but  not  all 
specie's.  Limited  attempts  to  recover  immature 

*  Direst  ii.instci  . >1  t lie-  vims  bom  patent  to  its 
nttspi  mg 
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'l.iSis  Irom  soil  samples  using  a  Berlese  funnel 
uric  unsuccessful.  As  far  as  is  known,  imma- 
lures  ha\e  not  been  found  in  nature  in  North 
A  meric  a. 

I’m snivel to\  wo  sitot  mchmixc; 

It  is  recommended  that  adult  sand  flies  he 
stored  dry  between  layers  of  tissue  paper  in  a 
pill  Ik>\  before1  tiles  are  mounted  on  slides  be¬ 
cause  specimens  preserved  in  alcohol  are  much 
more  difficult  to  macerate,  particulaiiy  those 
that  have  been  stored  in  the  preservative  fin  a 
year  or  more.  Following  maceration  in  Ift'c 
NaOH,  however,  the  flies  can  be  stored  indefi¬ 
nitely  in  70'f  F.OH.  Methods  lor  preparing 
slide  mounts  and  identifying  sand  flies  are  out¬ 
lined  below  following  Young  (1979). 

1  I’lace  whole  sand  fl\  in  10-259  sodium  lo¬ 
ti  inside  t  Nat  )H)  at  t  (Mini  temperature  in  a  small 
tint  title  lot  A  0—  CiU  minutes. 

2,  Heat  the  N.tOH  to  the  boiling  point  on  a  hot 
plate,  then  nnmediateb  lemove  t  rue  title  Itont 
heat  and  allow  to  cool  lot  ltd  minutes. 

Put  macerated  flv  dirts  th  itttti  a  drop  of  909 
licptid  phenol  in  the  tle|ttessittn  in  a  deptession 
microscope  slide  (temporary  slitle  inoitnt)  anti 
identify  with  the  aid  of  a  compound  mit  tost  ope. 
A  coverslip  tan  he  plated  met  the  spec  linen  d 
net  essat  s .  1  lie  internal  spet  m.iihei  ae  of  female 
sand  flies  should  then  he  dearlv  visible. 

■4.  Preserve  in  70S  alcohol  in  a  ctal.  ot  prtKeed  to 
step  5  il  a  permanent  slitle  mount  is  needed. 

5.  Plate  one  drop  of  Canada  balsam  in  the  tleptes 
sion  of  anothet  mit  tost t tpe  slide.  Mis  2-5  drops 
ol  phenol  wttft  il  and  put  spet  imeit  ot  spet  burns 
(up  to  12)  in  the  misttne. 

b.  Allow  the  phenol  to  slowlv  evaporate  at  room 
temperature  until  the  balsam-phenol  mistuie 
hetomes  somewhat  viscous.  I  he  mistuie  has 
now  inliltrated  (lie  hudv  of  the  sand  flv  and  the 
spermalhetae  and  othei  structures  should  he 
not  mal  in  appearance. 

7.  Dissect  the  specimen  bv  iemoving  the  head  and 
wings.  Lift  these  parts  and  the  remaindei  ol  the 
speiimen  with  a  small  needle  and  position  litem 
on  a  c overslip  ttt  small  drops  of  the  halsam-phe- 
nol  mixture  in  which  the  flv  was  dissectc’d. 
Orient  the  head  so  dial  the  ciharium  can  he 
viewed  as  in  the  illustrations  in  this  paper. 

K.  Plate  a  small  piece  of  glass,  from  a  previouslv 
gtoiind  coverslip.  in  c*aeh  corner  ol  thecovcrslip 
holding  the  dissec  ted  sand  flv  .  Allow  to  tit  v  until 
the  (flops  ol  mixture  are  completely  hard. 

9.  Invert  coverslip  over  a  drop  ol  Canada  balsam 
placed  in  the  middle  of  a  c  lean  microscope  slide. 
Stoic-  the  slide*  horizontally  until  dry. 

Mvt mm  r xamixuv 

A  number  of  colleagues  generously  supplied 
specimens,  locality  records  (specimens  not  ex¬ 
amined  bv  the  present  authors),  and  other  (ret  - 
tinent  information.  We  gratefully  acknowledge 
the  help  of  F.  S.  Blanton,  J.  F.  Bullet,  R  (1 


F.ndris,  (1.  B.  Fairchild,  R.  C.  Johnson.  W.  I.. 
Kramer  and  R.  C.  Wilkerson.  all  associated  with 
the  University  of  Florida  at  the  time  of  this 
study;  J.  F.  Reinert,  R.  W.  Intermill,  P.  G.  law- 
yer  and  ).  I.  Click,  US  Army  medical  en¬ 
tomologists;  R.  H.  Roherts,  ARS,  I'SDA, 
Gainesville;  W.  W.  Wirth.  US  Department  of 
Agriculture;  R.  J.  Brenner  and  S.  Frommer. 
University  of  California.  Riverside;  Q.  I). 
Wheeler.  Gornell  University;  I..  D.  Hendricks 
and  R.  A.  Ward.  Walter  Reed  Army  Institute  of 
Research:  Personnel  of  the  US  Army  Health 
Services  Command  at  various  posts  in  the  con¬ 
tinental  USA  and  G.  G.  Moore  and  D.  B. 
F  rant  v.  ( enters  lot  Disease  Control,  Ft.  Collins. 
(  a  dorado. 

Dr.  V.  F.  Newhouse.  Centers  lot  Disease 
Control,  deserves  special  recognition  lot 
allowing  us  to  publish  his  records  of  North 
American  sand  flies  identified  earlier  bv  G.  B. 
Fairchild  and  W.  J.  Hanson  but  not  confirmed 
bv  the  present  authors. 

Hololvpcs  of  all  new  species  will  be  deposited 
in  tbe  US  National  Museum  ol  Natural  History 
along  with  paralvpes  and  other  specimens. 
Para  types  also  will  be  deposited  in  the  collection 
at  the  University  of  Florida,  and  elsewhere  as 
indicated  in  the  text, 

I  AXOXOMIC  IKtAIMlM 

Many  of  the  species  of '  I. utztmiyiti  were  origi- 
nallv  described  in  the  genus  l‘hlrb<itn>nus  Ron- 
d.mi  and  Bette  (=  Fliholnmus)).  a  name  now 
applied  strictly  to  the  medic  all  v-i  tit  pc  it ’taut 
group  of  Old  World  phlebolomines  ( Theodor 
1965).  I  be  subgcueric  and  species  group 
c  lassilic  ation  of  l.utzomxiii  follows  that  of  Lewis 
et  al.  (1977)  and  Martins  el  al.  (1978).  The 
morphological  terminology  agrees  with  that 
used  bv  Quate  and  V  tcketolh  (1981).  I  bus, 
gonostylus  and  gonocoxite  arc  substituted  for 
slvle  and  ccixite.  respectively.  Lite  ejaculatory 
apodeme  and  sperm  pump  together  refer  to 
the  familial  term,  genital  pump,  that  is  used  bv 
many  students  of  Phlebotominae.  For  quick  re- 
fercncc.  the  structures  shown  in  Fig.  2  are 
labelled.  I  lie  immature  stages  are  not  treated  in 
this  review  because  of  a  lack  of  material,  but 
references  to  them  are  given.  Well  known  spe- 
cics  are  not  retltsc .tiled  because  adequate  de¬ 
scriptions  are  available  in  other  papers  cited 
here  in  each  species  account. 
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1.  L.  nuiiala  ( ( ■< ><| ti il let t  1  *t<>7 ) 

2.  /..  (liahulitti  (Hall  1956) 

Spec  ies  Group  nn^tno'i  Fheodor  1965 

/..  xnii/ilnla  Young.  Biemiet  and 
VVargo  I 985 

Subgenus  Ctiiiimyia  Barrel  to  1962  (=  Species 
Group  i v\pertilinni\  I  lieodoi  1965) 

4.  /..  ai/uilonia  (Fairchild  and  Harwood 

1961) 

Submenus  Dampfomyia  Addis  1945 

5.  /..  nnthufihoru  (Addis  1945) 

Submenus  Psathxmmxia  Barrctto  1962  (=  Spe¬ 
cies  Group  shannon)  Theodor  1965) 

6.  /..  shannon)  (Oval  1929) 

7.  /..  lanyof>si\  Young  and  Perkins  n.sp. 
Spec  ies  Group  aragaoi  Fheodor  1965 

8  /,.  toxnna  (l)ainpl  1958) 

Subgenus  Helnuyrtomxia  Barrello  1962  i 
Spec  ies  Group  i  cxatnr  I  lieodoi  1965) 

9.  /  apath >■  Young  and  Perkins  n.sp. 

10.  i>l>fnil)in)i  (l)ampl  1944) 

11/  stimuli  (  and  (*almd<> 

1944) 

12.  /..  ir.Mitnf  ( <  < K|iiill<‘( l  1**07) 

=  /..  I'cxtitut  nuithufis  F.tmhiM  and 
HtTliK  1057  \F\V  si  \  I  l  s 
Subj^fiuis  A  In  ntfngiimun  H.nuiiu  1**02 

(  =  S|K*c  it's  ( >t < >up  t  n\i  tinrn\t\  Ihrnd*n 

1005) 

15.  /  tnhfmnnn  fKaiiiluld  and  llmin 
1057) 

|  |.  I  t  tihru'l'  (  Kill  (  llllrl  .1 M* l  l  i  apidt. 

1050) 


KKV  1  O  I  HI 

\(  )K  I'll  WIKKK  \N  SI’H  II  s 

( )!•  ir/ZO\1)  t  \ 

1 1  is  iisiulK  nr*  rssai  v  in  pi  rpai  t  On  I*  in*  *nni  s 
ni  sail*!  lilts  in  unit1!  In  sflldv  ill*  Mill*  1 1 1 1  *  >  "I 
I.IXotinillM  Itllpi  »l  I.IIH  v  (  >n<  1  ill*  I'm.iI  I  mu. 1 
lift  tlllU’S  ktMiWtl.  IlMlM-U’l  .  Il  IS  nil*  n  P‘*smI‘I*  1“ 
idrntifv  spn  minis  Miiiph  I »x  iimiih  « «►!«*»  *  Ii.h 
.ult  is.  111. HIM  lengths  n|  ill*  legs.  ImmIv  wings 
.Hid  nllifi  fralinrs  whlth  *.im  hr  mtii  wnlnmi 
I  hr  aid  nf  a  mi*  ms*  opr  In  grnnal  app*  arain  « 
rims?  sand  tilt  s  irsrmhlr  ihr  tint  shown  in  1  ie 
I .  StMial  dlin*»t  plilsin  is  tn. 11  krd  I  hr  m. ilt  has 
*  nilsplt  mills  r\lri  fl.it  Iri  mmalia.  its  .iImIi  mini  is 
irl.itivrK  sirndri  au*l  U  is  iiMialh  smallt  »  dian 
lilt*  <  onsprt  1  f  it  trmalr 

Males  * 

I  (toimslvlils  of  ^rmlali.i  v>idi  "*  laigt 
spint's.  stihfn  111111.1l  sria  ahsi  m  (.0110 
<  nxilr  wilh  a  Ims.iI  lull  m  gnmp « »♦  prt 
sislrnt  srlar  2 

*  I  hr  m, tlr  *it  / .litzomwa  tfin\ap\is  n  sp  is  not  shown 


(.onosivlus  willi  2-  4  laigr  spines;  suh- 
irrininal  sria  and  >»oiUK*i\al  lull  pirs- 
<‘Ul  < *t  absent  b 

2.  (ih.nium  with  .1  tow  of  H  01  mmr 
slim  I  hoti/milal  Utlh  (.onotoxal 

lull  of  10-  1 5  sriar . /  ttih/onimi  1  hn  14) 

(jh.minn  withmil  a  inw  of  hui  i/nni.il 

trrlh.  (itustK n\al  tnfl  of  4-7  srlar  5 

.'V  Pai  amri  r  vs  itli  dm  sal  srlar  1  rsn  it  lr«t  in 
apital  thud.  Vrdragal  filaments  hr 
vmid  api*al  mllalrd  pmtinn  shoiiri 
than  tnUaled  pm  l  ton  l  oppnlam;  ihg.  II' 
Pal  amri  «•  wil  h  dm  sal  srlar  t  tivri  my  a  I 
Irasl  apital  half  \rdrag.d  lilatnenis 
hrvmid  apital  inflated  pm  lion  Imiget 
(han  inllaitd  pm  lion  4 

4  l.ateial  It *1  h '  balth  r\It  'tiding  hrvond 
end  nl  paiaiiitit  (  a  »l  it  *s|  \  I  m  with 
paiird  has.tl  spin*  >  niM  ilrd  ai  saint 
lr\  rl  sllhlrl  Hilllal  spun  «  |n-,t  In  I c 'I  It  1 1 
nal  pan  \ntrnnal  asttmK  <>n  Oantllt* 
unit  II  s|)«  •  i  1*1  llian  not  ill  im  I  (lit 

It  iii>d»  •<!  Ham  II*  *m«i  t  I  y,t  •''(  lie  12 

I  .lit  III  foht  i  x  1 1  lit  l  me  WC  il  hr  Mil  It  I  t  It*  I 
•  •I  patainm  (  .oiiosiv  Im  willi  ha  sat 
spllirs  pi. ii  t  d  il  dillt  Mill  It  m  Is  Mill 
iri  mm  il  spun  illicit  .H  it  vs  isoialtti 
!  I  *  *t  M  II  lllllll.il  pall  \lllt  Mll.ll  »srol«U 
on  t la et  lli  iiiu  1 1  U  i ■  a  i^i  i  1 1 ia*>  hall  hit 
h  uydi  i  >11  lam  11'  *n»i  1  * 

'•  \  1 1 1 «  lltl.ll  ,|Sin|(|s  •  >|  I  |  I  «e*  Ii1  "IM  '  '  II 

r  sit  ndine  In  1 1  a  it  1  t  ml  •  a  Ham  n<*|n*  !| 

/  G  s|,  |  ,w  P. 

\nltllMil  tsi  <  Ml  is  >"■  I  I  im  1 1|  «' I  n  *  ■  II 

uni  1 1  .h  hinu  i  i'd  cl  f  I  im  in  .'ni  1 1 

•  >  ■  •  »  te  I'- 

ii  t  H»||0S|\  ||iS  VS  II  It  2  ''I  '  stlcDU  sjllllt'S 

Mil-li  i  iinii.il  s(  j.i  pi «  \t  ni  P.n  .out  1 1 
vs  nh  an  at  nit  v rnl  i  al  pi  >  -|t  <  i  n  hi 
(  .« .in  >si  \  Ins  with  I  stioiiK  "pints,  siih 
't  innnal  m  i.i  ahs*-iH  Paianirir  with  oi 
\s  niii  an  .in  at  nir  \rnnal  pmjrtnon..  <S 

I’m  him  it  with  i  <tois.il  ai  in  hrarin^ 
t  -  .1  '  V  I  ■  I  o  f  at  a  l  filial  n<*d  end. 

(  .«  ill.  >xl  \  Ilf  \|[)|  pioMill.il  spillt*  milt  ti 
lln'lim  llllllciltltls  (.IIMKM\,||  Hill  alt 
'■Ml  I  I  It  i  al  lof«*  iini  ml  I  a  1  til 
\<  •  i «  I*;  a  I  til. mn  nis  slimic  i  than  < 

■  i  'i.i  '  it  ii^ih  >|  \p<  in  pu nip  and 

.  j.i.  n I  ii.  .t  v  ipoijtint  /  ■iuth<>phi-> 't  i  he  <" 

P  ii  a  i  im  it  m  n  i  pit  vs  il  I  .<  till  a  dm  sal  ai  m 

I.,  ni.  isi  \  )us  wnh  piosim*!  spun  alxail 

ifn  '.him  si/i  i s  tiihn  (,011010X111 

wtili  O.is.il  lulls  ii!  (a*  I  al*  i . 1 1  It'ht 

mfl.tlttf  \tt|t  .teal  hlamrills  loiim  t 

than  *  (inn  s  It -ntffh  d  spi  i  in  pump 

and  t  |at  n  lal>  n  >  ap«  *t  Irmt  /  itie  1 

H  \  *ilt  ntial  as,  i  *|t  1>  with  disiiiu  I  pit  *\  iin.i  I 

'pills  P  tl }  M  HIM  M  1  slit  a  l  \  lk*s  x.  ■».  l* 

\  t  I  (  t  1 1  I  It  1  (S,  n|l|  .  sltnplt  VS  |  I  1 1 1  *1 1  t 
pMlMltl.ll  spills  I  tlpiMlItlt  '»  I.Him  1 

ties  4  1 2 »  in 

•»  I  imh'X  mmI*  ssiih  mint*  tons  sria*  al 
middle  ant)  In  v  mid  1  alt  i  al  I  *  tht 
lonm'i  llian  toviit  \nltniial  astiHtls 
lM(  ||lllllK  ht  vrtllrl  I  mis  i  ||  flam  III* 
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motes,  proximal  spurs  relatively  short 

.is  shown  . /..  trxanti  (Fig.  0) 

(.oiiotoxile  without  persistent  setae. 

Lateral  lobe  shorter  than  gonntoxite. 

Antennal  astoids  not  reaching  ends  of 
flagellometes.  pioxiinal  spurs  imu h 
longei  . /-  ' h/innoni  (Fig.  7) 

10.  (>onoio\iie  lacking  persistent  setae 

. /.  t  uin  n\i\  ll-'K  lr>l 

(ionoioxite  with  I  or  mote  petsistent 

setae  11 

11.  Aede.tg.il  filaments  shortet  than  iwue 
length  of  ejattdatotv  apodeme  and 
sperm  pump;  filament  tips  enl.n ged. 
eat  h  with  T*  innei  teeth  (•oiiotnxite 
with  1-2  setae  at  inner  base.  \\  hole 

inset  t  pale  . I  \nnphila  iFig.  1) 

Aedragal  filaments  o\et  twue  as  long 
as  ejaculatory  apodeme  and  spet  m 
pump;  filament  ups  simple,  without 
teeth  (>ou(Ho\ite  tuft  of  I  ot  mote 
setae  inset  let!  on  a  tittular  base. 

Scutum  dark  12 

12  IMeuton  ninth  palei  than  stutuni. 
Hagellomete  1  extending  to  level  of 
palponifie  .'L  (lonotoxite  \s  iih  12-16 
relatively  (hit  k  pcisisteni  se:ae.  Wings 

gravish  . /..  nuaata  (Fig.  2*) 

Plenum  as  dark  as  scutum.  H.vgvUo- 
mere  I  relativelv  short,  extending  to 
level  ot  palpomere  2.  (ionocoxite  with 
lewei  than  10  slender  persistent  setae. 

Wings  yellowish  . /-•  dmholun  (Fig.  if) 

hmnlc' 

1  Pharvnx  armed  with  posterior  spines 

. /..  <uhctiM\  (Fig.  ITi) 

Phatvnx  unarmed  .  2 

2.  Antennal  astoids  with  proximal  sputs  .1 

Antennal  astoids  simple,  without 

proximal  spurs  .  T> 

.1.  (  ihariutn  with  8  or  more  horizontal 
teeth.  Antennal  astoids  with  short 
proximal  spurs  as  shown  in  Fig.  0. 
Spermalhet  ae  large  and  spherical 

without  annulations  . /..  trxmm  (Fig.  0) 

Lib. mum  with  I  horizontal  teeth.  An¬ 
tennal  astoids  with  long  proximal  spur 
ending  neat  base  of  Magellonteres. 

Spet  maihec  ae  tubular  or  spheric  al  w  itb 

basal  annulations  .  I 

4.  Spet  mat  bet  ae  tubular,  much  longer 
than  wide,  without  annulations;  com¬ 
mon  spet  m  dm  t  longer  than  indiv  idual 
dutl.  Heat  I  width  and  height  sul>e<|uai; 
eves  i datively  large  as  shown  in  Fig.  7 

. /.  \hanmmt  (Fig.  7) 

Spei  mathec  ae  spheiical.  a**  long  as 
wide,  with  basal  annulations;  common 
spet  m  duct  shot  let  than  individual 
duct.  Head  ninth  longer  than  wide; 
eves  lelativdv  small  . /.  tanxop\t\  (kig  8) 


а.  (alurium  vsith  a  tomh-like  tow  of  ll«i 

mote  hoiizont.il  teeth.  ./  mlifo'uitu  iHg  111 

(abaimm  with  2- Id  hoiizonlaf  teeth  6 

б.  (abaimm  with  2  bioadlv  inunded  m 

blade-like  horizontal  teeth  and  with 
mimetous  later  al  teeth  7 

( abarium  w nh  I-  Id  pointed  hoi  izontal 

teeth,  lateial  teeth  inconspicuous  <»i 
absent  8 

7  (abaimm  with  2  sounded  hoi  izontal 
teeth,  each  with  1  ot  2  shot!  spmes 
Spet  mathec  ae  wmikled,  oval  without 
hubble-iike  evaginations  /  mjuilotiw  { F .  a) 
(  ib. mum  with  2  blade  like  hot  izontal 
teeth.  Spei  mat liec  ae  modilied  with 
numeious  Imhhle-like  evaginations 

. /  uuthophnm  il  ig  6| 

8.  Individual  spet  m  ducts  shoitei  than 
stem  of  genual  folk.  Spei  mathec  ae 
with  an  oulet  envelope  arising  ftom 
base  of  spermalhet  ae  .  .../  \rtnphilu  1 1  ig  li 
Individual  sperm  ducts  loitgei  than 
stem  of  genital  loi  k  Spei  mathec  ae  dtf 
fetentlv  shaped  and  lacking  an  milei 
envelope  d 

d.  Spei  mathec  ae  spheiical.  spet  mathec  al 
width  the  same  as.  <>>  gieatei  than, 
width  of  common  spet  m  duct;  with 
distinct  annulations  at  base  Id 

Spermalhet  ae  huttoii-like.  width  less 
than  width  of  common  sperm  duct, 
without  basal  annulations.  hut 
transverse  stiiations  <u  extiescetues 
mav  Ik*  present  on  individual  duct  12 

10.  Labium  shot  lei  tfiati  combined  length 
ol  flagellomeres  II  *  III  and  shoitei 
than  twite  the  length  of  palpomere  T». 

(  ahaiium  with  only  -1-0  verv  small  vet  - 

tit.il  teeth  . /  \tru-atti  (Fig  12) 

Labium  suhequal  to.  ot  longer  than, 
combined  lengths  of  llagelloinei  es  1 1  * 

III  and  longei  than  twice  (lie*  length  of 
p.ilpomete  T>.  (abaiuni  with  Id  oi 
mot  e  ver lit  al  teeth  .  II 

11.  l  eigite  nin»*  with  2  htvvilv  s<  leioti/ed. 

anterolateral  papillate  lobes.  Labium 
shorter  than  flagellomete  I  (ahaiium 
with  small  vertical  teeth  in  2-1  inegu- 
lai  lows;  pigment  natch  shaped  as 
shown  in  Fig.  2.  Inch,  id  mil  spei  m  due  ts 
at  least  6  times  length  of  spenn.ilhet a 
Scutum  dark,  pletiron  pale  Wings 
gravish  .  I  niHuitu  cFig.  2*) 

I  etgite  nine  without  papillate  lobes. 

Lain um  longei  than  tlagellomeie  1. 

(abaimm  with  1-7  l.uge  vet  deal  teeth 
in  a  single  tow;  pigment  patch  othet- 
wtse.  telativelv  broad  and  datkei  at  ex 
pandect  base.  Individual  spenu  ducts 
alnml  I  times  lei  gill  of  spei  mathec  a. 

Scutum  and  pleiiton  pale  Wings  vel- 
lowish  I  (iuihnhm  tl  tg. 


*  \pplies  to  specimens  ftnm  Ifie  I  V\  but  is  not  alwavs  valid  Ini  Mexican  ..ml  (  etui  a!  \meiicaii  specimens 
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12.  Individual  sperm  duels  relatively  short, 

not  over  3  times  length  of  stem  of  gen¬ 
ital  fork  . 1.  vexatui  (Fig.  8F 

it-  18) 

Individual  sperm  duets  over  5  times 
length  of  stem  of  genital  fork  18 

13.  Antennal  aseoids  of  flagellomere  II 
extending  beyond  end  of  flagellomere 
Individual  sperm  duets  relatively  slen 

der  as  shown  in  Fig.  10  .../..  :pm hr  (Fig.  Iff) 

Antennal  aseoids  of  flagellomeie  11  not 
extending  to  end  of  flagellomere.  Indi¬ 
vidual  sperm  duets  wider,  as  shown  in 
Fig.  11  . /..  nppuluna  (Fig  II) 

Suboknus  /.('7/ovn/y  Fran(,a 

1.  Lutzomxia  (Lutzomxia)  cruciata  Coquillett,  Fig 

2. 

Flebotomus  cruciatus  Coquillett  1907:102  (9, 
Trete  Aguas,  Alta  Vera  Paz.  Guatemala). 

Phlebotomies  cruaatus :  Barretto  1947:194  (full 
refs.).  Fairchild  and  Hertig  1948a:247  (9  tax., 
refs.).  Biagi  and  Biagi  1953a:315  (dist.,  habits, 
tax.,  Mexico).  Vargas  and  Diaz  Najera  1953:310 
(dist.,  Mexico),  Fairchild  and  Hertig  1953:377 
(d,  9,  tax.).  Fairchild  1955:192  (listed).  Rosabal 
1954:22  (tax.,  Costa  Rica).  Fairchild  and  Hertig 
1959:12  (dist..  Central  America).  Rosabal  and 
Trejos  1964:167  (El  Salvador  records); 
1965.222  (El  Salvador),  Biagi  et  al.  1965:267 
(coll,  data,  Mexico).  Biagi  1966:368  (keyed). 

Brvmptomyia  cruciata:  Lewis  1965:375  (internal 
structures,  Belize) 

Lutzomyia  cruciata:  Theodor  1965:182 
(classification).  Williams  1966:365  (transmission 
of  Lashmama  mextcana,  Belize).  Disney  1968:267 
(as  senior  synonym  of  L.  diabolica).  Williams 
1970:33  (summary  of  coll,  data,  Belize),  Lewis 
1971:538  (listed,  Florida).  Young  1972:63 
(Florida  records).  Forattini  1973:243  (tax.,  dist., 
refs.).  Eads  1978:538  (listed).  Martins  et  al. 
1978:121  (dist.  records).  Young  et  al.  1981:446 
(larval  food).  Endris  et  al.  1982:401  (rearing 
data).  Zeledon  et  al.  1982:276  (dist.  records, 
Honduras). 

Known  distribution:  Panama  to  SE  Mexico 
and  USA.  Florida  (Alachua  and  St.  Johns  coun¬ 
ties);  Georgia  (Charlton  Co.),  Fig.  18. 

Matkriai  kxaminkd:  USA.  Florida — 1  9 
(Alachua  Co.),  San  Felasco  Hammock,  23-V- 
1960,  light  trap,  F.  Blanton.  1  9,  same  data  but 
VI-1964.  5  9.  same  data  but  14-V  to  30-X- 
1967.  1  9 ,  same  data  but  14-V-1970,  flight  trap, 
D.  Young.  1  9,  same  data,  but  9-VI 1 1-1971, 
light  trap,  D.  Young.  8  9,  same  data,  but  II- 
IV-1975  and  25-IV  to  23-V-1977,  flight  trap, 
H.  Greenbaum  and  G.  Fairchild.  1  9  (Alachua 


Co.),  Gainesville.  2  2-VI 1-1980,  tree  trunk,  D. 
Young.  1  d.  2  9  (and  33  d,  44  9  progeny) 
(Alachua  Co.).  San  Felasco  Hammock,  16-IX- 
1980.  tree  trunk,  P.  Perkins.  19  9  (Alachua 
Co.),  Gainesville,  VII  to  VIII-1981,  light  traps 
(20  trap  nights),  D.  Young.  1  9  (St.Johns  Co.), 
Anastasia  State  Park,  12-V-1979,  flight  trap,  D. 
Young  Georgia — 1  9  (Charlton  Co.),  Billy's  Is¬ 
land,  Okefenokee  Swamp,  16-IX-I965,  light 
trap,  V.  Newhouse.  Mexico.  Campeche — 1  9, 
Matamoros,  20-1-1944,  L.  Vargas. 
Chiapas  —  1  9,  La  Granja,  VII-1930,  no  other 
data  8  9,  Tapachula.  XII-1941.  M.  Macias. 
1  9.  Palenque,  31-III-1951.  Shannon  trap,  G. 
Fairchild  and  R.  Hartmann.  1  9,  Finca 
Guadalupe,  Zaju.  24-X-1940,  Diaz  Najera.  1  9. 
Santa  Maria,  Cintalapa,  1 1 -IV- 195 1 .  G.  Fair- 
child  and  R.  Hartmann.  Hidalgo — 1  9,  near 
Santa  Ana,  1 5-1 X- 1955,  P.  Galindo  and  H. 
Trapido.  Quintana  Kuo — 1  9.  Centote  Azul, 

8- X-1954,  P.  Galindo  and  H.  Trapido.  San  Luis 
Polo — 2  9.  Tamazunchale.  VI-1942,  M. 
Macias.  Tabasco — 5  9,  Arroyo  Expangale,  VII 
to  7  VII1-1941.  M.  Macias.  23  9.  Teapa,  IV  to 
XI- 1953.  R.  Alegria  and  Figueroa. 

Guatemala — Escuintla — 3  d.  N  of  Escuintla. 
17-V-1945,  tree  buttresses,  G.  Fairchild. 
Peten — 1  9,  Tikal,  17-IV-1960,  biting  man.  F). 
McConnell.  2  d ,  22  km  S  of  San  Francisco, 
7-V-1980,  tree  buttresses,  C.  Porter.  1  9,  Finca 
el  Zapote,  8-IX-1980,  light  trap,  C.  Porter. 
Solola — 1  9,  Finca  St.  Basilio,  no  date,  Morales. 
Belize,  1  9 ,  56  km  SW  Belize  City  on  road  to 
Roaring  Creek,  6-X-1955,  biting  man.  P. 
Galindo  and  H.  Trapido.  El  Salvador.  San 
Miguel — 4  d,  San  Jorge,  IX- 1966,  1967  and 
X-1967,  light  naps,  F.  Blanton.  1  d  Moncagua, 

9- XII-1966.  light  trap,  F.  Blanton.  San 
Vicente — 1  9,  Santo  Domingo,  XI- 1966,  light 
trap,  F.  Blanton.  Sansonale — 1  9,  Armenia,  I- 
1967,  light  trap,  F.  Blanton. 

Honduras,  Atlantica — 3  d,  40  9.  Tela  Lan- 
cetilla  Valley,  I2-X1-1953  and  24-111-1954  to 
7-VI-1954,  light  traps,  biting  man  and  tree 
trunks,  W.  Hils.  Francisco  Morazan — 2  d,  1  9, 
Zamorano,  III  and  8-V1-1966,  light  traps,  J. 
Matta  and  F,  Blanton.  Nicaragua.  Caraza — 2  d, 
5  9,  Guapinolar,  VIII - X- 1 953 ,  A.  Adames. 
Chontales — 3  d,  2  9,  Villa  Samoza,  V  and  IX- 
1953,  P.  Galindo  and  H.  Trapido.  Mana¬ 
gua —  1  9,  Casa  Colorado  near  Managua,  XII- 
1953,  biting  man,  J.  Boshell. 

Costa  Rica,  Cartage — I  9,  Turrialba,  11-11- 
1952,  Shannon  trap,  R.  Rosabal  and  M.  Hertig. 
1  9,  Turrialba,  on  horse,  2-V-1961,  R.  Rosabal 
and  M.  Hertig.  Guanacaste — 1  d.  1-agartos,  at 
Guanacaste-Puntarenas  border,  I3-XII-1951, 
tree  buttress,  R.  Rosabal. 

Panama.  Boca  del  Toro — 2  d,  2  9,  Almirante. 
19-22-VL 1950,  tree  buttresses.  R.  Hartmann. 
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Id.  12  9.  Almirante.  19  VI  io  18-X1-1951. 
tree  buttresses  and  Shannon  (rap.  A.  Quinones. 

1  9.  Almirante.  6-II-1952.  biting  man.  A. 
Quinones,  (  anal  /.one — 19.  Rio  de  Medio  at 
Gatlin  River.  18-X-I949.  hollow  tree.  R. 
Hartmann.  2  d.  Madden  Forest.  10-VI11-1951 
and  25-11-1952,  light  trap  and  tree  buttress,  M. 
Hertig.  R  Rosabal  and  R.  Hartmann. 

Disc  t  ssiov  Roth  sexes  ol  /..  nuntilti  lrom 
North  America  have  lelativeh  small  eves  (Fig. 
2)  when  compared  to  those  ol  1.  nutirilti  lrom 
the  neotropics  and  /..  ihtihtiluti  (Fig.  5).  1  his 
diameter  stale  and  the  xlighth  thicker  setae  of 
the  coxite  lull  ol  Florida  males  support  the  idea 
that  the  nearclic  population  ol  /..  nunal/i  is  an 
isolated  one  that  ma\  have  been  detived  lrom 
ncoDopit.il  stotk  that  spread  through  the  Gull 
ol  Mexico  coastal  plain  into  Florida  and  Geor¬ 
gia.  It  is  also  possible  that  individuals  entered 
Florida  b\  crossing  the  Gull  ol  Mexico,  possible 
with  the  aid  ol  hin  t  it, me  winds,  but  this  hy¬ 
pothesis  seems  less  likeh.  l.ulzumyiii  nutitilu  is 
not  known  to  ok  hi  in  the  West  Indies. 

F.xisting  populations  ol  /..  nuntilti  in  Florida 
and  Georgia  are  gengraphicalh  isolated  lrom 
those  in  southeastern  Mexico  and  Genital 
America  and  it  does  not  appeal  that  this  species 
presenth  omits  in  stales  west  of  Flotilla  or  in 
northern  Mexico.  l.ulzumyiii  nuntilti  and  I.  tliti- 
hulitn  have  allopalric  distributions  in  the  I  SA 
(Fig.  18)  but  the  extent  of  their  geographic  dis¬ 
tributions  in  Mexico  has  not  been  determined. 
l.iilziunyiti  trutinlti  occurs  maitilv  in  secondary 
and  priman  hardwood  forests,  but  /..  tlitiliulicti 
has  been  found  in  dry.  sometimes  treeless  lo¬ 
calities  (c.g.,  area  ol  Gomstock.  Texas). 

All  ol  the/.,  nurinlti  females  from  Florida  and 
Georgia  have  a  papillate  lobe  on  each  side  of  the 
9th  abdominal  tergitc  (Fig.  21)).  This  modifica¬ 
tion  is  absent  in  females  of/..  diaboUra.  /..  gtnnrzi 
(Nit/.)  and  some  /..  rruriata  females  from 
Mexico.  Guatemala.  Honduras  and  Nicaragua. 

In  Beli/e,  Lewis  ( 1965)  observed  that  969?  of 
/  .  nut  into  females  dissected  were  parous,  thus 
indicating  that  the  species  is  normally  auto¬ 
genous.  Perkins  (1982)  established  a  laboratory 
colons  ol  /..  autiiila  from  a  gravid  female  col¬ 
lected  neat  Gainesville  (Alachua  Go.).  Florida. 
All  females  front  the  F,  through  F>(i  generations 
were  autogenous  and  deposited  55.8  £  18.5 
eggs  (taiigc  1-60).  8-10  days  following 
emergence.  Other  tearing  data  based  on  this 
colons  are  given  Its  Perkins  (1982). 

high  teen  females  of  /..  nunttUi  were  collet  ted 
in  GI)G  light  traps  near  Gainesville  (Sugat  fool 
Hammoc  k)  in  August  and  September,  1980  (8 
Dap  nights).  Five  ol  them,  held  in  a  120  ml 
teeding  chambet  (F.ndris  et  al.  1982).  took 


blood  meals  on  the  arm  of  a  human  volunteer 
(luting  a  1-8  minute  period.  Their  bites  were 
quite  painful  when  compared  to  those  of  /. 
diuiiiitnii.  All  18  females  died  without  depositing 
eggs  and  most  lived  2.9  ±  2.4  days  after  cap¬ 
ture.  The  specimens  that  took  human  blood 
meals  survived  from  6  to  8  days  but  none  had 
mature  eggs  svhen  dissected.  Lab-reared  fe¬ 
males  were  given  the  opportunity  to  feed  on 
man  on  numerous  occasions  but  none,  includ¬ 
ing  those  that  had  oviposited  1-7  days  previ- 
ouslv.  did  so. 

There  is  little  evidence  indicating  that  /..  tru- 
ritilti  is  a  natural  vector  of  cutaneous  leish¬ 
maniasis  t  l.ri\l) muu in  mexicann)  in  Beli/e 
(Williams  1970).  Williams  (1966),  however, 
demonstrated  that  l.rishintiiiiti  mrxieana  multi¬ 
plies  and  develops  in  /..  cruemta  females  and  that 
experimentally -infected  flies  transmitted  the 
parasite  by  bite  to  a  human  volunteer. 

2.  l.iitziniiyin  l  l.ulzumyiii  I  ditibo/irti  (Hall).  Fig.  8. 

l,hlfhiilnmu\  sp.:  Harman  1919:211  (biting 
man.  Texas) 

Phleholomw*  ditibulitus  Hall  1986:28  (d.  9. 
I’valde.  Uvalde  Go..  Texas).  Lindquist  1986:29 
(life  cvcle.  biol..  descript,  immature*.  Sonora. 
Sutton  Go..  Texas  record).  Damp!  1988:121 
(mention).  Rozeboom  1944:274  (listed).  Addis 
1 94 5a: 828  (keyed);  1945b:  119  (tax.).  Packchan- 
tan  1946:87  (listed).  Barretto  1947:197  (refs.). 
Fairchild  and  Hertig  1948a:25  (compared  to/.. 
gturitzi  and  /..  rniritilti).  Thurman  et  al.  1949. 199 
(listed).  Vargas  and  Diaz  and  Najera  1 958b: 8 1  1 
(Mexico).  Fairchild  and  Hertig  19556:875  (d, 
9.  keved.  redescript.,  refs.).  Quate  1955:242 
(keyed,  rels.).  Fairchild  and  Hertig  1959:128 
((list..  Mexico).  Lew  is  and  Gat  Ilham  1959:86 
(mention).  Fads  et  al.  1965:251  (listed).  Quate 
1965:92  (listed).  F.aston  et  al.  1968:466  (Brac- 
kettvile  area.  Kinnev  Go  ,  Texas). 

l.ulzumyiii  dinbuliin:  Theodor  1965:182 
(listed).  Disnev  1968:267  (as  junior  svnonvm  of 
/..  nuntilti).  Dta/  Najera  1971:62  (Goahuila 
State.  Mexico)  Forattmi  1978:252  (Fig.,  tax  ). 
F.ndris  et  al.  1982:40!  (reared  in  Inhoratorv). 

I.utznmyia  inianlti.  not  trunatu  Goquillett  1907: 
Rosabal  and  Millet  1970:180  (d,  9  keved). 
Martins  and  Mot  ales  Farias  1972:865  (in  part, 
(list.).  Young  1972:61  (in  pail.  Texas  records). 
Galishei  et  al.  1977: 1000  (Brownsville.  Texas). 
Pauls  1978:589  (in  part,  listed,  rets.).  Martins  et 
al.  1978:121  ((list . .  Texas  and  Mexico). 
Ghaniotis  1978:19  (mention). 

l.ulzumyiii  nutitilu  tlitthtilit tt:  Lewis  1975:509 
(moulhpart  motphol.) 

Known  nisi  Rim  t  ion:  SW  Mexico  to  I  SA 
/Vvrtc  (Atacosa.  Bexar.  Gamcron.  Gonial,  p.d- 
wartls,  Gillespie,  Hale.  Kinnev,  Llano.  Medina. 
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Nueces,  Sutton,  loin  Green.  Travis.  Uvalde 
and  Val  Verde  counties),  Fig.  18. 

Matkkiai  kxaminkd:  USA.  Two — I  2  (Atas¬ 
cosa  Co.),  Poteet  (L'SNM).  9  2  (Bexar  Co.), 
Cainp  Bullis,  16-VI-I965.  light  traps,  D.  Young. 
1  2  (Cameron  Co.).  Laguna  Atascosa  Wildlife 
Refuge,  26-1 V- 1965,  light  trap,  R.  Fads.  1  $ 
(Comal  Co.),  Canyon  Lake,  14-X-1971.  biting 
man,  1400  hrs..  R.  Wilkerson.  20  2  (Fid wards 
Co.),  6  km  N  of  Barksdale,  V-1982,  at  light,  P. 
Lawyer  et  al.  5  6.  5  2  (Gillespie  Co.),  Freder¬ 
icksburg,  VII  to  IX-1968  and  V-1969,  light 
traps.  H.  Botchers.  1  9  ( Hale  Co.),  Plainvicw, 
Vll-1971,  light  trap.  VF.F.  Survey  Team.  2  9 
(Llano  Co.),  Lake  Buchanan,  17-VI  I- 1966.  light 
trap,  D.  Young.  16,62  (Medina  Co.), 
D'Hanis,  28-29-IX-1983,  light  traps.  P.  L-awver. 

1  2  (Nueces  Co.),  Corpus  Chrisli,  biting  man 
(USNM).  1  9  (Travis  Co.),  Austin,  (L’SNM). 

2  6,  14  9  (Uvalde  Co.),  Garner  State  Park, 
17-V-1965,  D.  Young.  500+  2,  same  data  but 
2- V I  to  28  VI-1982,  in  latrines,  biting  man, 
flight  and  light  traps,  P.  Lawyer  et  al.  2  6 , 20  9 
(Val  Verde  Co.),  Comstock.  V1II-1971,  J. 
Reinert,  VF.F  Survey  Team.  Mexico.  C.hihua- 
hua —  1  6,19,  4.5  kin  SF.  Hidalgo  del  Parral. 
22-VIII-1975.  UV  light  trap.  VV.  Sumlin  (L'C.R). 
Morelos — 3  6,3  2,  Nliacatlan.  1V-Y-1980.  (light 
trap,  M.  Camino. 

Additional  klcords:  Texas— 2  9  <  Font 
Green  Co.),  San  Angelo  Reservoir,  1  1-V1-1968. 
light  trap,  V.  Newhouse. 

Discission:  Addis  (1945b)  redescribed  /.. 
diabohra  from  topotvpir  specimens,  noting  that 
the  female  had  6  horizontal  teeth  in  the 
cibarium.  Fairchild  and  Hettig  (1948a.  1953b) 
distinguished  the  male  of  this  species  f  rom  that 
of  L.  crunnta  by  its  more  slender  ejaculatorv 
apodeme  with  its  tup-shaped  proximal  end  and 
by  the  presence  of  fewer  and  more  slendet 
setae  of  the  gonocoxal  tuft.  Differences  be¬ 
tween  the  females  of  /..  diaboltrti  and  /..  rrunata 
were  mainlv  those  related  to  the  sire  and 
number  of  vertical  teeth  in  the  cibaria,  the 
former  species  having  onlv  8-10  heavv  blunt 
teeth:  the  latter  with  more  numerous,  smaller 
vertical  teeth.  Dorsolateral,  papillate  lobes  of 
the  ninth  abdominal  tergite  were  observed  in 
females  of  both  species  but  were  less  developed 
in  /..  diahohat.  Only  4  females  of  /.  dtabohea 
were  available  to  these  authors  for  studs 

Disney  (1968)  studied  structural  variation  in 
numerous  males  and  females  of/.,  rrunata  from 
Belize,  concluding  that  it  was  not  possible  to 
separate  this  species  from  /..  dtabolun  based  on 
available  criteria.  He  observed  that  the  prox¬ 
imal  end  of  the  ejaculatory  apodeme  was  of  the 
’■ irurinlii  form"  in  809r  of  the  Belize  males  ex¬ 
amined.  The  basal  gonocoxal  setae  varied  in 


number  from  8  to  23  (x  =  16),  and  the  number 
of  vertical  teeth  in  the  female  libarium  ranged 
from  8  to  29  (x  =  16).  Other  features,  including 
the  spermathecae.  chitinous  arch  of  the 
cibarium  and  number  of  episternal  setae,  were 
studied.  From  his  analvsis.  he  concluded  that 
variation  among  his  material  was  infraspecific 
and  that  the  name  diabohca  should  be  "suppres¬ 
sed.  at  least  as  a  specific  epithet." 

In  the  USA  and  Meixco,  however,  there  are  2 
distinct  forms  that  can  be  identified  as  /..  dta- 
bolieu  and  /..  crucuitn  and  which  are  easily  distin¬ 
guished  by  the  characters  given  in  the  kexs. 
Disney  ( 1968)  was  correct  in  assigning  his  Belize 
specimens  to  the  latter  species;  /..  dmbo/irn  is  not 
known  to  occur  there  or  in  other  countries 
south  of  Mexico  but  there  is  a  good  possibility 
that  populations  exist  in  western  Guatemala. 

I.utzomyia  dialxdica  is  verv  dark;  the  pleuron  of 
each  sex  is  as  dark  as  the  scutum,  unlike  /.. 
crunnta  which  has  a  pale  plenum.  I  here  seems 
to  be  no  single,  consistent  structural  difference 
between  the  2  species  although  the  curious 
papillate  lobes  of  the  9th  tergite  are  present  in 
all/.,  rruriata  females  from  the  USA  and  in  835; 
(n  =  81)  of  /..  rrunata  females  from  Mexico  and 
Genital  America.  Females  of  /..  diabtdtai  lack 
such  lolies. 

I  he  ratio  of  the  length  of  llagellomere  1  to 
the  head  height  (flag.  1/head  height)  of/.,  dia- 
holiea  females  ranges  from  0.45  to  0.61  (n  =  31. 
x  =  0.53.  SI)  =  0.032);  that  for  males  ranges 
from  0.52  to  0.63  in  =  5.  x  =  0.568,  SI)  = 
0.041).  In  females  of/.,  crunnta  females  from 
Mexico  and  ( Central  America  (n  =  73).  this  ratio 
\, nit's  hom  0.61  to  0.88  (x  =  0.732,  SI)  = 
0.056);  that  for  I.  rrunata  males  ranges  front 
0,66  to  0.86  in  =  25.  x  =  0.756.  SI)  =  0.048). 
I  he  numhei  of  horizontal  teeth  in  the  female 
cibarium  of  both  species  ranges  from  4  to  7. 

Females  of  /  dtabohea  ate  agtessixe  man- 
biters.  attac  king  mostlv  at  night  but  chi asionallx 
in  the  davtuuc  as  well.  I  lit-  uatuial  resting  and 
breeding  sites  of  ibis  species  are  unknown  Al 
Gutnci  Stale  Paik.  I  \ aide  Go..  1  exas,  about 
1 300  spec  linens  weie  c  ollec  led  1 1  mu  late  Max  to 
calls  June  1083  on  the  inside  walls  of  lallines. 
I  fie  new  i  ec  oi  <1  of  (Ins  spec  it  s  f  i  oin  Plains  lew  . 
I  exas,  lepiesents  the  noitheinmost  limn  ot  its 
known  geogiapfnc  lungchul  few  attempts  base 
been  made  to  collect  ibis  species  in  noithern 
I  exas.  New  Mexico  in  Oklahoma 

l  indc|iust  i  1 036 1  and  Fndiis  el  al  1 1 982) 
i  cm  red  /  diabnlua  in  the  lalwnatoi  s .  die  feu  met 
uulhoi  piosiding  infoi  illation  on  its  life  exile 
and  desciifung  the  immature  stages  Females 
are  anautogenous  \clclltlcinal  field  studies  of 
this  species  are  tec oimncndcd  m  x  tew  ol  its 
man-biting  habits  and  possible  mle  as  a  xectoi 
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ol  cutaneous  leishmaniasis  in  lexas  and  north 
ern  Mexico. 

Sph  iks  Group  AIh.oxh  Thkodok 

3.  l.ulzumyia  xcrophi/a  Voung.  Brenner  and 
Wargo.  Fig.  4. 

l.ulzumyia  xtruphila  Voung.  Brenner  and 
Wargo  1983:313  (d.  9.  Cahuilla  Hills.  Palm 
Desert.  Riverside  Co..  California). 

Knows  dim  ribi  i  ion:  ISA.  California 
(Riverside  Co.).  Fig.  19. 

Mat  priai  kxaminH):  I  SA.  California — 5  6  . 
130  9  (holotvpe,  allotvpe  and  paialvpes) 
tvpe-localitv,  12  1X1980;  21-Y-1981  to  4-X- 
1981,  CO,  traps.  M.  Wargo.  2  6.  24  $  (River¬ 
side  Co.).  Rancho  Mirage.  Magnesia  Springs 
Canyon,  I6-VI-I981,  CO,  trap.  R.  Brenner. 

Discission:  l.ulzumyia  xrrophila  is  pro¬ 
vision, ills  placed  in  the  mtgimri  Croup  ol  l.utzo- 
myia  (Theodor  1963)  on  the  basis  of  male  and 
female  structures,  hut  the  male  lacks  a  sublet  - 
initial  seta  on  the  gonostvlus  unlike  other  males 
in  the  group.  This  pale  species  is  easily  recog¬ 
nized  h\  the  characteristic  spermathecae  ol  the 
lemaleand  In  the  male  terminalia.  Inttaspec  ilic 
variation  of  the  ciharial  armature  of  females  is 
shown  in  Fig.  4. 

Spec  imens  have  been  taken  onls  in  CO,  n  aps 
in  the  Colorado  Desert  of  Riverside  Co.. 
California  from  May  to  .November.  Nothing  is 
known  about  the  feeding  habits,  diurnal  testing 
sites  or  biology  of  this  recentlv  described  spe- 
c  it's. 

St  tit. t  ni  s  Coho in  / 1  Bakrm  to 

4.  l.ulzumyia  iCornmyia)  m/iii/uiiiii  (Fait child  and 

Harwood).  Fig.  3. 

I’hlrhutinnio  uquilnmus  Fairchild  and  Harwood 
1961:244  (d.  2.  Columbia  Wildlife  Refuge. 
Othello.  Adams  Co.,  Washington).  Fads  el  al. 
1963:23  (listed).  Harw  oil  1963:1  (localitv  re- 
cotds.  Whitman  Co..  Washington  and  Southern 
Alberta.  British  Columbia.  Canada).  Quale 
1963:91  (listed).  .Shemanc  link  el  al.  1978:1333 
(seasonal  (list.,  in  mat  mot  Inn  lows.  Police 
Coulee.  Alberta.  Canada). 

l.ulzumyia  ar/uilu/tia:  I'heodoi  1963:184 
(listed).  Rosabal  and  Millet  1970:180  (d.  9 
keved).  Fotattini  1971:99  (listed).  Marlins  and 
Morales- Farias  1972:363  (listed).  Fotattini 
1973:212  (keved.  brief  tax.  discussion). 
Chauiotis  1978:19  (listed)  Martins  et  al. 
1978:92  (disc).  Fads  1978:3.39  (disc.  refs.). 
Voung.  1979:91  (listed). 

Known  nisi  ribi  i  ion:  Canada.  Allmla  and 
Hnlhh  (.alumina.  IS  A.  Cnlnrailii  (Farimei  Co.); 
Washington  (Adams  and  Whitman  counties). 
Fig  19. 


Maiiriai  r  namin'!  I):  I  SA.  Colorado — II  d, 
3  9  (Larimer  Co.),  approx.  400  m  east  of  Hot - 
setooth  Reset  voir,  light  and  oil  traps,  18-V1II 
and  8-IX-1983.  C.  Moore  and  B.  Franc v, 
Washington — 3  d.  3  9  (holotvpe.  allotvpe  and 
paialvpes)  (Adams  Co),  Columbia  Wildlife 
Refuge,  Othello,  VII-VIII-1939.  1960.  R.  Har¬ 
wood. 

Discussion:  The  small  median  seta  show  n  on 
the  male  gonostvlus  (Fig.  34)  is  absent  in  the 
other  males  of  this  species  examined.  1  he  fe¬ 
male  sperm  ducts  are  illustrated  for  the  first 
time  following  immersion  ol  the  slide-mounted 
specimen  in  90(7  liquid  phenol  for  one  week. 

Shemanthuk  et  al.  (1978)  collected  106 
specimens  of/.,  atpiihaiia  in  the  burrows  of  the 
marmot.  AUmnnta  fliwiventris  iimopltnru  Howell, 
during  a  3-year  study  in  Southern  Alberta.  Flies 
were  collected  from  August  to  October  at  one- 
site.  and  in  July  and  August  at  the  Columbia 
Wildlife  Refuge.  Washington  State  (Fait child 
and  Harwood  1961).  The  specimens  from 
Colorado  were  collected  near  nests  of  \V utama 
wood  rats  located  in  lock  devices. 

I  he  feeding  habits  ol  this  spec  ies  remain  un¬ 
known. 

St  rc. ini  s  /)  i \U‘H)\d i.\  Anmx 
3.  I.ulzamyiu  i Dumpfumyim  anlhnphnra  (Addis), 

Fig.  6. 

I'hlibnlwnus  aiilliaphnno  Addis  194.3b:  119  ( c? . 
9,  Cvalde.  l.'valde  Co.,  lexas);  I943c:319 
treating  data,  descript,  immatute  stages); 
1943:328  (keyed).  Packchanian  1946:37  (refs.). 
Barretto  1947:183  (refs.).  Thurman  et  al. 
1949:199  (listed).  Vargas  and  Diaz  Najera 
1 933a:46  (Michoacan  State,  Mexico,  compared 
to  /..  ihulf;ii ) :  1933l>:3<)9  (Morelos  State, 
Mexico).  Quale  1933:242  (keyed,  refs.).  Fair- 
child  and  Hertig  1956:307  (dist.,  keved.  refs.); 
1939: 123  (Nuevo  l.eon  State,  Mexico).  Fotattini 
1959:195  (rearing  data  from  Addis  1945c) 
Chauiotis  and  Anderson  1964:27  (mention). 
Quale  1965:91  (listed).  Fads  et  al.  1965:251 
(listed).  Fusion  et  al.  1968:466  (Presidio  and 
Kiniiev  Co..  1  exas  records). 

I.utzomua  anlhnphnra  Barretto  1962:95 
(listed).  I  heodot  1965: 19.3  (listed).  Rosabal  and 
Millet  1970:180  ( d .  9  keved).  Williams 
1 970:332  ( mention).  Fot attiui  197  1 :  1 00  (listed). 
Voung  1972:61  On  wondrat  nests,  lexas).  Mat- 
tins  and  Mot  alcs-Fui  ias  1972:365  (listed). 
Fotattini  1973:122  (lax  ),  (alishet  et  al. 
1977:1000  (Cameron  Co.,  lexas,  possible  vet- 
lot  ol  Rio  Cl  aude  Vit  us).  Mat  (ins  el  al  1978:57 
(dist.).  F.atls  1978:539  (dist..  ids  ).  Chauiotis 
1978: 19  (mention).  Voting  el  al.  1981:446  il.tt - 
val  food).  F.ndris  et  al.  1982:401  dealing  data, 
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lab.  hosts).  Endris  et  al.  1983:862  (transovarial 
transmission  of  Rio  Grande  Virus). 

Known  distribution:  Mexico  to  USA. 
Texas  (Bexar,  Cameron,  Kinney,  Medina,  Pres¬ 
idio,  San  Patricio,  Uvalde  and  Val  Verde  coun¬ 
ties),  Fig.  19. 

Material  examined:  USA.  Texas — 1  d,  3  9 
(Bexar  C.o.),  San  Antonio,  Lackland  AFB,  20- 
XI-1965,  D.  Young  and  C.  Parrish.  3  9  (Came¬ 
ron  Co.).  Laguna  Atascosa  Wildlife  Refuge, 
26-1 V- 1965,  light  trap.  R.  Eads  (USNM).  1  <J, 

1  9  (Cameron  Co.),  12  km  E  of  Brownsville, 
i-I-1966,  Neotoma  nest,  D.  Young.  39  d,  8  9, 
same  data  but  V-1975.  2  9  (Medina  Co.), 
D’Hanis,  29-IX-1983,  Neotoma  nest,  P.  Lawyer. 

2  9  (San  Patricio  Co.),  12  km  E  of  Sinton,  10- 
VI-1966,  Neotoma  nest,  D.  Young.  4  9  (Uvalde 
Co.),  Uvalde,  28-IX-1944,  on  rabbits,  H.  Brun- 
drett  (USNM).  1  9  (Val  Verde  Co.),  Del  Rio, 
IX- 1963,  light  trap,  R.  Eads.  Mexico.  Morelos  — 
lid,  Miacatlan,  27-1V  to  5-V-1980,  flight  trap, 
M.  Camino.  Nuevo  Leon — 1  d,  32  km  NW  of 
Monterrey,  9-1 X- 1955,  rock  crevice,  P.  Galindo 
and  H.  Trapido. 

Discussion.  In  addition  to  the  material  noted 
above  hundreds  of  L.  anthophom  collected  in 
Neotoma  woodrat  dens  near  Brownsville,  Texas 
in  1966,  1975  and  1980  were  examined. 

The  spermathecae  with  the  unusual  bubble¬ 
like  evaginations  (Fig.  61)  and  the  distinctive 
male  terminalia  (Fig.  6A)  readily  distinguish  L. 
anthophora  from  other  species  in  North 
Ameiica.  It  is  currently  impossible  to  separate 
females  of  this  species  from  those  of  L.  dodgei 
(Vargas  and  Diaz  Najera)  from  SW  Mexico 
where  they  are  sympatric.  Vargas  and  Diaz  Naj¬ 
era  (1953a)  distinguished  these  females  by  dif¬ 
ferences  in  the  cibarial  armatures  and  sper¬ 
mathecae,  characters  tint  were  found  in  this 
study  to  be  unreliable  for  species  identification. 

Fairchild  and  Hertig  (1956)  believed  that  the 
female  of  L.  dodgei  described  by  Vargas  and 
Diaz  Najera  (1953a)  actually  was  a  female  of  L. 
anthophora.  This  conclusion  was  erroneously 
based  on  their  study  of  specimens  that  were 
later  named  L.  atalupai  by  De  Leon  (1971),  not 
L.  dodgei  (Porter  and  Young,  unpublished  ob¬ 
servations).  Thus,  L.  anthophora  and  L.  dodgei 
will  key  out  together  in  couplet  2  of  Fairchild 
and  Hertig's  1956  key  to  the  species  of 
Dampfomyia. 

Addis  (1945b)  reported  L.  anthophora  females 
feeding  on  domestic  rabbits  at  Uvalde,  Texas. 
No  specimens  were  taken  on  other  hosts  or 
from  suspected  resting  sites.  Young  (1972) 
found  both  sexes  of  this  species  in  the  dens  of 
woodrats,  Neotoma  micropygus  Baird,  and  con¬ 
cluded  that  adults  were  present  throughout  the 
year  in  South  Texas.  Subsequently,  one  of  us 


(D.G.Y.)  collected  more  than  600  specimens  of 
L.  anthophora  from  a  single  woodrat  den,  east  of 
Brownsville,  Texas,  on  31  May  1975.  It  was 
estimated  that  an  equal  number  escaped  cap¬ 
ture.  At  that  time,  and  in  1980,  other  specimens 
were  also  discovered  resting  in  or  near  small 
rodent  nests  located  underneath  discarded 
lumber  and  cardboard.  From  these  field  associ¬ 
ations  and  on  laboratory  observations,  it  is  sus¬ 
pected  that  L.  anthophora  females  feed  primarily 
on  small  mammals;  suitable  laboratory  hosts  in¬ 
clude  hamster  (Addis  1945c),  white  mouse, 
squirrel  (Sciurus),  calf,  rabbit,  opossum  ( Dtdel - 
phis)  and  domestic  pig  (Endris  et  al.  1982).  Fe¬ 
males  feed  to  repletion  and  are  gonotrophically 
concordant;  33  females  (14%)  out  of  228  fe-- 
males  that  survived  first  oviposition  in  the  labo  - 
ratory  took  a  second  blood  meal.  Seven  of  thesis 
fed  a  third  time  and  one  took  a  partial  fourtln 
bloodmeal  before  dying  (Endris  and  Younfj, 
unpublished  observations). 

Addis  (1945c)  and  Endris  (1982)  studied  the 
life  cycle  of  L.  anthophora  in  the  laboratory.  The 
former  author  used  a  rabbit  blood-garden  s<  >il 
mixture  for  larval  food;  the  latter  used  a  com¬ 
posted  rabbit  feces-laboratory  chow  mixture 
(Young  el  al.  1981).  At  28°C,  the  mean  time 
from  egg  deposition  to  adult  emergence  was  49 
days  (n  =  72,  Addis  1945c)  but  was  only  39  days 
in  the  later  study  (n  =  41)  (Endris  1982).  These 
conflicting  results  apparently  were  due  to  dif¬ 
ferences  in  the  larval  diets.  Addis  (1945c)  de¬ 
scribed  the  immature  stages  from  reared  mate¬ 
rial. 

Endris  et  al.  (1983)  experimentally  infected 
L.  anthophora  females  with  Rio  Grande  virus 
that  was  subsequently  recovered  from  54.8%  of 
their  F,  progeny.  This  was  the  first  virologically 
confirmed  demonstration  of  vertical  transmis¬ 
sion  of  a  Phleboi'irus  by  sand  flies.  Leishmania 
mexicana  (WRAIR  strain  411  from  Texas)  was 
successfully  transmitted  to  non-infected  Syrian 
hamsters  by  the  bites  of  experimentally  in¬ 
fected,  laboratory-reared  L.  anthophora  (Endris 
and  Young,  unpublished  observations). 

Subgenus  Psathyromyia  Baurettu 
(=  Species  Group  shann.oni) 

6.  Lutzomyia  (Psathryomyia)  shanrumi  (Dyav).  Fig. 

7. 

Phlebotomus  shannoni  Dyar  1929: 181  (d,  Cano 
Saddle,  Gatun  Lake,  Panama  Cana)  Zone).  Bar- 
retto  1947:222  (full  refs.,  synonyms).  Thurman 
et  al.  1949:199  (biting  man,  Florida).  Fairchild 
and  Hertig  1950:523  (tax.  review,  Georgia  rec¬ 
ord).  Vargas  and  Diaz;  Najera  1953b:312 
(Mexican  records).  Snow  1955:515  (biting  man, 
Tennessee),  Quate  1955:242  (keyed,  refs.). 
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Fairchild  1955: 192  (classif).  Fads  et  al.  1965:21 
(mention).  Hanson  1966:78  (descript,  larva, 
pupa). 

Phlehutomu s  limai  Fonseca  1955-1936:61  (9. 
Sao  Paulo,  Brazil).  Rozeboom  1944:274  (rec¬ 
ords  From  Alabama,  Mississippi  and  North 
Carolina).  Addis  1945a:328  (keyed).  Packcha- 
nian  1946:38  (USA  records). 

Lutzom\ui  shannon!  Barretto  1962:99  (as  tvpe- 
species  of  subgenus  Psathyromyia).  I  heodor 
1965:189  (listed,  figures  male  and  female, 
classif.).  Rosabal  and  Miller  1978:180  (keyed, 
coll,  data  Louisiana,  man  biting  record).  Young 
1972:61  (coll,  data,  Florida).  Forattini  1973:294 
(tax.  review).  Zeledon  and  Alfaro  1973:416 
/naturally  infected  with  proinastigotes).  Lewis 
1975:502  (mouthpart  morphed.).  Eads 
.1978:540  (dist.,  refs.).  Chaniotis  1978: 19  (men¬ 
tion).  Martins  et  al.  1978:109  (dist.,  refs.). 
Young  1979:117  (refs.,  tax.).  Young  et  al. 
1981:446  (larval  food).  Kndris  et  al.  1982:401 
(rearing  methods).  Christensen  and  deVasquez 
1982:243  (natural  hosts,  Panama). 

Known  distribution:  Argentina  to  USA.  Al- 
a I, ‘amt i  (Dale.  Dallas,  Lauderdale  and  Lee  coun¬ 
ties).  Arkansas  (Garland,  Jefferson  and  Union 
counties).  Delineate  (New  Castle  Co.).  Flotilla 
(Alachua,  Collier,  Columbia,  Dade,  Gadsden, 
Hernando,  Jefferson,  Levy,  Liberty,  Marion,  St. 
Johns  and  Wakulla  counties).  Georgia  (Charlton, 
Chatham,  Clinch  and  Ware  counties).  Louisiana 
(Calcasiea,  DeSoto,  Jackson,  Morehouse,  Or¬ 
leans.  Rapides,  St.  Martin,  St.  Tammany  and 
West  Feliciana  parishes).  Maryland  (Anne 
Arundel  and  Wicomico  counties).  Mississippi 
(H  ancock  and  Hinds  counties).  Xorth  Carolina 
(Hoke,  Jones.  Onslow,  Richmond  and  Duplin 
counties).  South  Carolina  (Richmond  Co.).  Ten- 
netsee  (l.ake  Co.).  Fig.  19. 

Matlriai.  kxaminkd:  USA.  Alabama  —  1  <J 
(Dale  Co.),  Ft.  Rucker,  23-IV  to  I1-VI-I981, 
light  trap,  pvnt.  tiled,  personnel,  US  Army.  4  3 . 
1  9  ( Lee  Co.),  Chewacla  State  Park,  22-V;  5-X 
and  15-16-X-1976  light  trap,  J.  Click. 
Arkansas — 1  3  (Garland  Co.),  Hot  Springs. 
VI 1 1- 1 97 1  .  light  trap.  J.  Reinert.  I  3 .  1  9  (.Jef¬ 
ferson  Co.),  Pine  Bluff,  V 1 1 1  - 1 97 1 .  light  trap,.). 
Reinert.  Delaware — 1  9  (New  Castle  Co.),  7  km 
N  of  Wilmington,  I  -  V'  1 1  - 1 98 1 ,  tree  trunk,  R. 
Johnson.  Florida — 30  9  (Alachua  Co. ),  San 
Felasco  Hammock,  8-V-I969,  light  trap.  D. 
Young.  I  9  (Alachua  Co.).  Gainesville,  6-X1- 
1975,  tree  trunk,  D.  Young.  230  <3.  105  9 
(Alachua  Co.),  same  site,  IV-1980  to  X-1981. 
tree  trunks  and  hollows,  P.  Perkins.  12  <3,  92  9 
(Alachua  Co.).  River  Styx  near  l.ochaloosa,  30- 
III  to  2-1 V- 1982,  CO baited  light  tap,  C.  Atkin¬ 
son. 8  (3,5  9  (Columlrta  Co.). Oleno State  Park. 
IX/ 1973  and  IX-1°75,  tree  trunks,  D.  Young. 


13.19  (Gadsden  Co.),  5  km  SE  Quincy,  23- 
24-V1-1980,  tree  trunk  and  light  trap,  D. 
Young  and  P.  Perkins.  2  9  (Hernando  Co.), 
Brooksville,  18-VI-1980,  light  trap.  W.  Kramer. 

I  9  (Jefferson  Co.),  Monticello,  2-VI-1969, 
light  trap,  W.  Whitcomb.  184  3,  60  9  (Levy 
Co),  Gulf  Hammock,  IV-1980  to  I  X-1981 ,  tree 
trunks,  P.  Perkins  and  D.  Young.  13,29  (Lib¬ 
erty  Co  ).  Torreya  State  Park,  19-V-I971,  light 
trap.  G.  Fairchild  and  H.  Weems.  1  9  (Marion 
Co.),  7  km  S  of  Ft.  McCoy,  7-VIII-1971,  tree 
trunk.  D.  Young  and  S.  Telford.  15  3,  35  9 
(Wakulla  Co.).  Wakulla  Springs.  l-V-1980,  light 
and  flight  traps.  D.  Young.  Ceorgvi — 94  3.  16  9 
(Chatham  Co.).  Ossabaw  Island.  3-4- VIII- 1983, 
light  traps.  R.  Roberts.  1  3  (Clinch  Co.),  F.dith. 
I3-IX-I975.  tree  trunk.  D.  Young. 
Louisiana — 1  3  (DeSoto  Parrish).  Mansfield. 
V1H-1971,  light  trap.  J.  Reinert.  Xorth 
Carolina— 19  3.  11  9  (Hoke  Co.),  Ft.  Bragg, 
7-V  to  IX- 1979.  light  traps.  R.  Intermill.  South 
Carolina — 50  3.  28  9  (Richmond  Co.).  Ft. 
Jackson.  3-V  to  IX-1978,  1979,  light  traps.  R. 
Intermill 

Addiiionai  rmords  (ail  from  Dr.  V. 
Newhouse.  in  light  traps).  Arkansas — 1  9 
(Union  Co.),  FI  Dorado,  21-V-1966. 
Flonda — 3  9  (Collier  Co.),  Corkscrew  Swamp. 
1 1-I2-IX-I965.  I  9  same  data  but  9-VI-I967. 

II  3.  22  9  (Dade  Co.),  Mahogany  Swamp, 
Everglades  National  Park,  all  months  except  for 
March  and  May.  1964-1968.  1  3.  3  9  (Dade 
Co.),  Royal  Palm  Hammock.  Everglades  Na¬ 
tional  Park,  15-1 6-XI - 1 964 ;  28-29-1 V- 1965  and 
4-11-1969.  Georgia — 2  9  (Ware  Co.),  Waycross, 
Laura  Walker  State  Park.  31-VIII-l 965.  1  3. 
1  9  (Charlton  Co.),  Billy's  Island.  Okefenokee 
Swamp,  8-X-1965.  Louisiana — 1  9  (Orleans 
Parrish),  Kenner.  4- VI 1 1- 1 966.  1  9  (Orleans 
Parrish).  New  Orleans,  25-X-1966. 
Maryland — 4  3,  19  (Anne  Arundel  Co.), 
Annapolis,22-IX-1966.  I  9  (Wicomico  Co,), 
Willards,  4-V1II-1968.  Mississippi— 2  3.  37  9 
(Hancock  Co.),  Bat  St.  Louis.  26-IV;  30- VIII; 
4-28  to  1 X  - 1 9  and  5-X-I967.  Xorth 
Carolina — 1  3,  1  9  (Jones  Co.).  Trenton.  17- 
IX-1965.  13.19  (Onslow  Co.),  Jacksonville. 
9-  19-1X- 1965.  1  9  (Duplin  Co.).  Rose  Hill. 
4-5-VIII- 1965. 

Discussion:  Oily  selected  references 
to  /..  shannoni  are  given  here.  Forattini  (1973), 
Martins  et  al.  ( 1978)  and  Young  (1979)  provide 
additional  references  and  synonyms. 

There  are  no  records  of  this  species  in  Texas 
or  in  northern  Mexico,  north  of  Puebla  State 
(Martins  el  al.  1978).  I'he  magnitude  of  this 
distributional  gap  may  be  partly  due  to  the  lack 
of  collecting  but.  more  likely,  it  reflects  the  ab¬ 
sence  of  extensive  hardwood  forests,  the  pre- 
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ferred  macrohabitat  of  this  species.  Future  col¬ 
lections  in  east  Texas  may  reveal  its  presence 
there.  The  new  records  from  Maryland  and 
Delaware  represent  the  known  northern  distri¬ 
butional  limits  of/.,  shannoni. 

Both  sexes  of/.,  shannoni  from  the  USA  and 
the  neotropics  (from  southern  Mexico  to  north¬ 
ern  Argentina)  are  remarkably  similar  in 
structure.  There  is  little  or  no  morphological 
variation  (Rozeboom  1944).  In  terms  of  anth- 
ropophilic  behavior,  however.  Fairchild  (1955) 
and  others  have  noted  that  females  bite  humans 
more  commonly  in  the  USA  and  Mexico  than 
elsewhere. 

Kosahal  and  Miller  ( 1970,  collected  580  males 
and  288  females  from  tree  hollows  in  Louisiana. 
No  parasites  were  observed  in  29  females  dis¬ 
sected.  Perkins  (1982)  dissected  414  male  and 
166  female  /..  shanmmi  from  2  localities  in 
Florida  (Gulf  and  San  Felasco  Hammocks)  and 
found  acephaline  gregarines  in  8  males  (0.7%) 
and  15  females  (9.1%).  Three  mites,  pro¬ 
visionally  identified  as  Eustigmaeus  sp.,  were 
found  attached  to  the  abdomens  of  2  female 
Hies.  The  ovary  of  one  female  was  parasitized 
by  a  small  unidentified  nematode.  One  female 
/..  shanmmi  collected  on  17-VI1-198I,  Gull 
Hammock,  had  thousands  of  relatively  large 
unidentified  flagellates  in  the  midgut  and 
foregut  hut  not  in  the  mouthparts.  The  fly  was 
dissected  9  days  after  it  had  fed  on  man,  hut  no 
signs  of  human  disease  were  subsequently  ob¬ 
served.  The  midgut  of  a  dissected  male/.,  shan¬ 
non!  from  the  same  locality  contained  relatively 
small  flagellates  that  were  probably  monoxen- 
ous.  Farther  studies  are  being  made  to  charac¬ 
terize  these  flagellate  infections. 

Perkins  (1982)  established  a  laboratory  col¬ 
ony  of/.,  shannon i  from  field-collected  females 
in  Florida  (Kndris  et  al.  1982)  and  provided 
information  on  its  life  cycle  and  biology. 

Females  normally  deposit  as  many  as  40  via¬ 
ble  eggs  without  having  had  a  previous 
bloodmeal.  Only  12  (8.4%)  of  349  reared,  non- 
bloodfed  females  failed  to  develop  fully  formed 
eggs  by  the  fourth  day  following  emergence. 
Autogenous  females  with  developing  eggs  also 
took  multiple  bloodmeals  between  ovipositions, 
beginning  24  hours  post-emergence.  Labora¬ 
tory  hosts  included  man,  pig,  hamster,  squirrel 
(Snurus).  calf,  horse,  opossum  ( Ditlrlphis)  anti 
dog  (F.ndris  et  al.  1982).  Ghristensen  and  de- 
Vasquez  (1982),  using  the  precipitin  test  for 
bloodmeal  determination  in  Panama,  demon¬ 
strated  that  /..  shanmmi  feeds  on  a  variety  of 
mammals,  some  birds  but  no  reptiles.  Females 
fed  on  sloths  more  than  any  other  mammal 
species,  and  the  authors  suggested  that  /..  shan¬ 
non!  may  play  a  role  in  the  transmission  of 


Leishmama  braziliensis  among  these  reservoir 
hosts  in  Panama. 

Lutzomyia  shanmmi  has  not  been  found  in  the 
endemic  focus  of  Leishmauia  mexicana  in  Texas, 
but  experimentally-infect  ed  /..  shannon i  females 
(WRAIR  strain  411  from  Texas)  transmitted 
the  parasite  to  non-infiicted  hamsters  by  bite 
(Lawyer  and  Young,  L’mpublished  data).  Per¬ 
kins  (1982)  reported  t'nat  26/27  lab-reared  fe¬ 
males  became  infected  with  this  strain  after 
feeding  on  infected  humsters.  Zeledon  and  Al¬ 
faro  (1973)  found  unidentified  promastigotes 
in  4/1 17  (3.4%)  wild-caught  /..  shanmmi  females 
in  Gosta  Rica,  and  laler  Zeledon  et  al.  (1979) 
identified  other  flagellates  recovered  from  this 
sand  fly  as  Endolrypanum  sp.  and  Leishmaniu 
kenen.  both  sloth  parasites. 

7.  Lutzomyia  iPsathyromyi a)  tanyapsis  Young  and 
Perkins,  n.sp..  Fig.  8. 

Hulotype  9  (measurements  in  mm).  Wing 
length  2.28;  width  0.6fi.  Most  of  insect  lightlv 
pigmented,  pleurost  slightly  paler  than  scutum. 
Head  from  vertex  to  distal  end  of  clvpeus  0.50 
high;  0.38  wide.  Uses  small,  separated  by  0.15 
or  by  a  distance  =  to  about  6.8  facet  diameters. 
Flagelloinere  I  0.'27  long,  combined  length  of  II 
+  III  =  0.23;  a  scoids  present  on  all  fiagello- 
meres  except  las  t  (flag.  XIV),  each  ascoid  w  ith  a 
long  proximal  s  pur.  Labi  um  0.34  long.  Lengths 
of  palpomeres:  1, 0.05;  2,  0.17;  3,  0.19;  4.  0.13; 
5,  0.31;  with  aljout  12  sensilla  at  middle  of  pal- 
pomere  3.  Cib  arium  with  4  short  equidistantly- 
spaced  horizt  >ntal  teeth,  middle  pair  inwardly 
directed  and  outer  pair  slanted  outwardly;  an 
irregular  rot.v  of  about  10  small  vertical  teeth 
present;  cib  arial  arch  complete  but  more  dif¬ 
fuse  in  mid  idle;  pigment  patch  subtriangular, 
wider  post*  -riorly.  Pharynx  0.20  long,  without 
spines.  Plei  aron  with  6  upper  and  4  lower  epis- 
ternal  set;  te.  Lengths  of  wing  vein  sections: 
alpha*  0.3  6;  beta  0.34;  delta  0.04;  gamma  0.47. 
Lengths  of  femora,  tibiae  and  basitarsi  as  fol¬ 
lows;  foneleg,  0.85.  0.83,  0.50;  midleg.  0.88, 
1.02,  0.5-4;  hindleg.  0.98.  1.32,  0.63.  Sper- 
mathecai  ■  spherical  with  basal  simulations;  in¬ 
dividual  ducts  smooth  walled,  about  8X  length 
of  common  duct. 

Known  nisi  kibi  i  ion:  USA.  Arizona  (Pima 
Go.).  Fig.  20. 

Mai  kkiai.  rxwtiNtt):  USA.  Arizona — Holo- 


*  nlp'Ha  =  Length  of  R2  f  rom  its  junction  with  Rn 
to  cost  a  (see  Fig  2B) 

brta  =  Length  of  R  front  junction  of  R-  and  Ri  to 
junction  with  R4 

delta  =  Length  of  R,  extending  bevond  junction  of 
Rj  and  R.t. 

go  mma  =  l.engl  h  of  R  f  rom  origin  of  R.s  to  origin  of 
Rj.:i  and  R<. 
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type  9  (Pima  Co),  Sabino  Canyon,  Coronado 
National  Forest,  9-VIII-1953,  light  trap,  G. 
Butler'(USNM).  Paratypes,  2  9,  same  data. 

Discussion:  We  tentatively  place  L.  tanyopsis 
in  ttpe  sqbgenus  Psathyromyia  because  of  the  long 
proximal  spurs  of  the  antennal  ascoids  and  the 
cibarial  armature.  The  spermathecae,  however, 
differ  in  ^structure  from  those  of  other 
Psathyromyia  females  and  from  those  of  the 
neotropical  species  L.  aclydifera  (Fairchild  and 
Hertig),  L.  dreishachi  (Causey  and  Damasceno) 
and  L.  hermanlmti  (Martins,  daSilva  and  Falcao), 
that  also  have  long  proximal  spurs  on  the  as¬ 
coids.  The  undiscovered  male  of  L.  tanyopsis  also 
probably  will  have  ascoidal  spurs  and  other 
features  that  should  readily  associate  it  with  the 
female  and  determine  its  definite  placement  in 
the  genus. 

The  specific  name,  "tanyopsis,"  is  a  Greek 
word  meaning  long  face  or  long  in  appearance 
(see  Fig.  8A). 

Spk  n  s  Group  ahaca  ot  Thkodor 

8.  Lutzomyia  texana  (Dampf).  Figs.  9,  1(6  and  17. 

Phlebotomies  texanus  Dampf  1938:119  (6,  9, 
San  Antonio,  Bexar  Co.,  Texas).  Rozeboom 
1944:274  (listed).  Addis  1945a:328  (keyed). 
Packchanian  1946:37  (lisUed).  Barretto 
1947:226  (refs.).  Thurman  e  t  al.  1949:199 
(listed).  Vargas  and  Diaz  Naj  era  1953b:313 
(Mexican  records).  Fairchild  ahd  Hertig 
1953:21  (keyed).  Fairchild  195  5:195  (listed). 
Quate  1955:242  (keyed,  refs.);  19’65:92  (listed), 
tads  et  al.  1965:251  (coll,  data,  7  exas).  F.aston 
et  al.  1968:466  (Kinney  Co.,  Tex;  ts). 

Lutzomyia  texana:  Barretto  196i?:99  (listed). 
Theodor  1965:186  (classif.) .  Rosabnl  and  Miller 
1970:180  (keyed).  Young  1972:61  (coll,  data, 
Texas).  Lewis  1975:502  (mouthpart  morphol.). 
Calisher  et  al.  1977:1000  (mention).  Eads 
1978:540  (refs.).  Chaniotis  1978:19  (mention). 
Martins  et  al.  1978: 146  (dist,).  Young  1979:133 
(compared  to  L.  barrettoi). 

Psychodopygus  texanus:  Forattini  1971:105 
(listed);  1973:480  (tax.). 

Known  distribution:  Honduras,  Mexico, 
USA.  Texas  (Aransas,  Bexar,  Cameron,  Ed¬ 
wards,  Gillespie,  Kinney,  San  Patricio,  Uvalde 
and  Val  Verde  counties),  Fjg.  20. 

Material  kxaminkd:  USA.  Texas — 1  6,  9  9 
(Aransas  Co.),  Aransas  Wildlif  e  Refug  e,  22- 
IV- 1 966,  W.  Wirth  and  R.  Jones.  2  6',  2  9 
(Cameron  Co.)  neat  Brownsyille,  28-1-  19G3  and 
11-1963,  1964,  light  traps,  A.  Kads.  1  6,  3  9 
(Edwards  Co.),  6  km  N  of  Barksdale,  VI-  1982, 
armadillo  burrow,  R.  Endris.  2  6,  2  9  (C.tme- 
ron  Co.),  near  Brownsville,  28-1-1963  ana'  II- 
196.3,  1964,  light  traps,  R.  F(acls.  15  6,  24  9 
(Gillespie  Co.),  Fredericksburg,  V-IX-19'68, 


light  traps,  F.  Blanton  and  H.  Borchers.  32  d, 
45  9  (San  Patricio  Co.),  Welder  Wildlife  Ref¬ 
uge,  5-XII-1965,  armadillo  burrow,  D.  Young. 
4  6,  13  9,  same  data  but  29-V-1980,  D.  Young 
et  al.  6  6,  9  9  (Uvalde  Co.),  Garner  State  Park, 
I8-V-1965,  light  trap,  D.  Young.  6  6,  12  9, 
same  data  but  VI-1982,  light  trap,  armadillo 
burrow  and  in  latrine.  5  6,  4  9  (Val  Verde 
Co.),  Del  Rio,  IX-X-1963,  light  traps,  R.  Eads. 
Mexico.  Morelos — 2  6,  71  9,  Miacatlan,  9-1 V  to 
5-VI-1980,  flight  trap,  M.  Camino.  San  Luis 
Potosi — El  Salto  Falls,  17-VI-1969,  light  trap,  W. 
Hasse.  Honduras.  Copan — 1  i,  I  9,  Santa  Rosa, 
IV’- 1964  and  5- V- 1966,  light  traps,  F.  Blanton 
and  J.  Malta.  Comayagua — 1  6,  Siguatepeque, 
IV- 1967,  light  trap,  F.  Blanton. 

Disc  ussion.  Lutzomyia  texana  is  one  of  the 
largest  species  in  North  America.  The  wing 
length  of  females  ranges  from  2.55  to  2.93  mm 
(n  =  9)  and  of  the  males  from  2.30  to  2.57  mm 
(n  =  9)  (all  from  Texas). 

The  poorly  preserved  specimens  from  Hon¬ 
duras  were  tentatively  identified  as  L.  texana. 
They  might  actually  represent  /..  barrettoi 
majuseula  Young,  a  closely  related  species  oc¬ 
curring  in  Colombia  and  Central  America.  It 
has  not  been  established  where,  or  if  popula¬ 
tions  of  these  2  species  meet  in  Central 
America.  Structural  differences  between  these 
taxa  are  slight  and  may  reflect  intraspecific 
variation  of  a  single  w  idespread  species. 

Lutzomyia  texana  was  first  collected  in  a  nest  of 
the  leaf-cutting  ant,  Alta  texana,  near  San  An¬ 
tonio,  Texas  (Dampf  1938).  Eads  et  al.  (1965) 
excavated  a  number  of  Alta  nests  near 
Brownsville.  Texas,  but  failed  to  recover  larvae 
or  resting  adults  of  /..  texana.  Light  trap  catches 
by  these  authors,  however,  showed  that  adults 
were  present  throughout  the  seat  near 
Brownsville,  but  not  in  the  Del  Rio.  Texas  area. 

Young  (1972)  reported  that  armadillo  bur¬ 
rows  serve  as  the  usual  resting  sites  for  this 
species  in  Texas.  In  June  1980,  one  of  us  found 
9  recently  bloodied  females  in  a  burrow  inha¬ 
bited  by  armadillos  near  Sinton.  Texas,  but 
there  is  no  direct  evidence  that  the  flies  had  led 
on  these  mammals.  The  flies  died  before  their 
eggs  were  laid. 

Sl'BC.I.NUS  Hn.ax  YRTOStYtS  Barritto 

9.  Lutzomyia  tHelroeyrtomyia)  apache  (Young  and 
Perkins  n.sp..  Figs.  10,  16  and  17. 

Holotype  6  (measurements  in  mm).  Wing 
length  2.47;  width  0.66.  Head,  scutum,  ab¬ 
dominal  sclerites  and  external  genitalia  inlus- 
cated;  rest  of  body  pale  or  nearlv  pale.  Head 
from  vertex  to  tip  of  clypeus.  0.41  high;  0.39 
wide.  Eyes  separated  by  0.15  or  by  a  distance  = 
to  about  8  fleet  diameters,  Flagellomere  1. 0.27 
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long,  combined  length  of  II  +  III.  0.25;  ascoids 
simple,  present  on  all  flagellomeres  except  last 
(XIV);  ascoids  on  II  reaching  to  or  beyond  end 
of  flagellomere.  Labium  0.19  long.  Lengths  of 
palpomeres:  1. 0.04;  2,  0.12;  3,  0.18;  4,  0.15;  5, 
0.34;  about  8  palpal  sensilla  scattered  on  middle 
half  of  palpomere  3.  Cibarium  without  visible 
teeth;  pigment  patch  narrow  and  faint;  cibarial 
arch  diffuse,  more  conspicuous  at  sides. 
Pharynx  0. 16  long,  with  posterior  ridges  but  no 
spines.  Pleuron  with  5-6  upper  and  4-5  lower 
episternal  setae.  Lengths  of  wing  vein  sections; 
alpha  0.46;  beta  0.35;  delta  0.13;  gamma  0.50. 
Lengths  of  femora,  tibiae  and  basitarsi  as  fol¬ 
lows:  foreleg.  0.89.  0.86,  0.51;  midleg,  0.87, 
LOO.  0.58;  hindleg,  0.95.  1.34.  basitarsus  miss¬ 
ing;  hind  femur  without  spines.  Terminalia. 
Gonostyle  0.24  long  with  5  spines,  basal  pair 
inserted  at  different  levels,  isolated  median 
spine  closer  to  basal  pair  than  to  terminal  pair, 
no  subterminal  seta.  Gonocoxite  0.31  long,  with 
basal  tult  of  5  slender  setae  and  about  12  scat¬ 
tered  distal  setae.  Paramere  simple,  with  dorsal 
setae  on  at  least  halt  its  length.  Aedeagus  slen¬ 
der.  well  pigmented  with  acute  tip.  Ejaculatory 
■ipodeme  and  sperm  pump  0.25  long,  each 
aedeagal  filament  1.20  long  or  about  4.8X 
length  of  e|a<  ulaton  apodeme  and  sperm 
pump,  the  distal  end  inflated  sublerminallv  as 
shown  in  Fig.  10B.  Lateral  loin-  0.47  long. 

\  I  lots  pc  9  (measurements  in  mm).  Wing 
length  2.18;  width  0.56.  Coloration  as  in  9. 
Head  0.39  high;  0.33  wide.  Kves  separated  by 
u  13  oi  b\  a  distance  =  to  about  8.5  facet  diam- 
eteis  Flagellomere  I.  0.23  long,  combined 
length  ot  II  *  111.  0.22:  ascoids  simple,  on  all 
llagellomeres  except  last  (XIV),  tips  of  those  on 
llag  II  extending  bevond  end  of  flagellomere. 
l.abrtim  0.19  long  Lengths  of  palpomeres;  1, 
0  04  ;  2.  O  IL  3,  0  15;  4,  0.13;  5.  0.31:  palpal 
sensilla  as  m  in.  Cibarium  with  4  sharp,  equi- 
ihslantlv-spaced  hot  i/ontal  teeth  and  a  row  ol 
10-  14  small  vertical  teeth:  cibarial  arch  con¬ 
spicuous  at  sides,  nearly  invisible  in  middle; 
pigmenl  patch  subtriangular.  faint.  Pharynx 
0  16  long,  without  spines.  Pleuron  with  4  upper 
and  2-3  lower  episternal  setae.  Lengths  of  wing 
vein  sections:  alpha  0.39:  beta  0.34;  delta  0.05; 
gamma  0.37.  Lengths  of  femora,  tibiae  and 
basitarsi;  foieleg.  0.7.3.  0.71. 0.44;  midleg.  0.76, 
0.93,  0.51;  hindleg.  0.86,  1.13.  0.69;  femora 
without  spines.  Spermathecae  button-like  as 
shown  in  Fig.  I0F  with  long,  slender  individual 
ducts,  each  about  25X  length  of  common  duct 
or  greater  than  5X  length  of  stem  of  genital 
fork. 

Known  dis  i  hi  bu  nos :  L'SA.  Arizona 
(Apache.  Cochise  and  Cila  counties).  Fig.  20. 

Matt kiai  tx.AMi.vn):  L'SA.  Arizona — holo- 
tvpc  8  (Apache  Co.),  Springerville,  3-VII-1953, 


light  trap,  W.  W'irth.  9  allotyfe  (Cochise*  Co.), 
3.1  km  SW  of  Portal,  V-VI-I967,  blac  kiight 
trap,  C.  Sabrosky.  Other  paratypes,  12c?,  119, 
same  data  as  holotype.  2  9,  same  data  as 
allotype.  2  9  (Gila  Co.),  27  km  N'E  of  Pay  son, 
T onto  Creek,  10-VI1I-1978,  light  trap,  C.  Ray 
(UCR). 

Discussion:  Structural  similarities  indicate 
that  L.  apache  is  closely  related  to  L.  vexatur  ai  >d 
L.  oppidana,  both  of  which  may  occur  with  it  i  n 
the  USA  and  northern  Mexico.  Both  sexes  of  L 
apache  can  be  separated  from  those  of  the  other 
species  by  the  characters  given  in  the  keys.  Lut- 
zamyia  vindicator  (Dampf),  known  from  Mexico, 
differs  from  L.  apache  by  its  broader,  differently 
shaped  paramere.  shorter  aedeagal  Filaments 
(less  than  4X  the  length  of  the  ejaculatory 
apodeme  and  sperm  pump)  and  by  the  wider 
shorter  individual  sperm  ducts  of  the  female. 
The  cibarial  armatures  of  these  females  are  re¬ 
markably  similar. 

The  wing  length  of  8  female  paratypes  of  L. 
apache  ranges  from  2.42  to  2.88  mm;  that  of  5 
male  paratypes  ranges  from  2.37  to  2.55  mm. 

The  specific  name,  "apache,"  refers  to  the 
tribe  of  American  indians  living  in  the  south¬ 
western  L’SA  and  northern  Mexico. 

10.  Lutzomyia  <  Hel  coryrtomyia I  oppidana 
(Dampf).  Figs.  11.  16  and  17. 

Phlebotomus  oppulanus  Dampf  1944:247  (9. 
San  Jacinto.  Federal  District,  Mexico).  Bai  retto 
1947:215  (listed).  Vargas  and  Diaz  Najera 
1953b:312  (listed).  Fairchild  and  Hertig 
1957:325  (9,  Nuevo  Leon  State,  Mexico, 
keved):  1959:124  (listed).  Fairchild  and  Har¬ 
wood  1961:240  (coll.  data.  Adams  Co.,  Wash¬ 
ington,  keyed).  Fairchild  and  Hertig  1961:26 
(compared  to  /..  vargasi  8).  Ortiz  and  Alvarez 
1963:312  (listed).  Harwood  1965:1  (coll,  rec¬ 
ords,  Washington  Stale  and  British  Columbia, 
rearing).  Fads  et  al.  1965:251  (listed).  Ortiz 
1965b: 25  (listed).  Quatc  1965:92  (listed).  Eas¬ 
ton  et  al.  1967:429  (Presidio  Co..  Texas).  Easton 
et  al.  1968:467  (Presidio  Co.,  Texas). 

Lutzomyia  oppidana:  Barretto  1962:96  (listed). 
Theodor  1965:183  (listed).  Rosabal  and  Miller 
1970:780  (keyed).  Forattini  1971:99  (listed). 
Young  1972:61  (listed).  Downes  1972:1135 
(listed).  Martins  an.l  Morales-Farias  1972:365 
(Listed).  Forattini  1973:209  (redescript., 
keyed).  Chaniolis  1974:334  (Ravalli  Co.,  Mon¬ 
tana);  1978:19  (mention).  F.ads  1978:541 
(Larimer  Co.,  Colorado).  Martins  et  al.  1978:77 
(ciist.). 

Known  distribution:  Mexico.  USA.  Colorado 
(Fort  Collins  and  Larimer  counties),  Montana 
(Ravalli  Co.),  Texas  (Presidio  Co.)  and  Washing¬ 
ton  (Adams  and  Whitman  counties).  Canada.  Al¬ 
berta  and  British  Columbia,  Fig.  21. 
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Mai  kriai  kxamisH):  USA.  Colorado — 16  6. 

18  9  fFort  Collins  Co.),  approx.  400  in  cast  ot 
Horsc.-tooth  Reservoir,  18-VlII-and  8-1X-I983, 
oil  a  rid  light  traps,  C.  Moore  and  B.  Franey. 
Montana — 1  9  (Ravalli  Co.),  8  km  F  ot  Hamil¬ 
ton  ,  Rock  pile.  22- V  I II- 197.1,  B.  Chaniotis. 
Washington — 6  6 .  15  9  (Adams  Co.).  Othello, 
Columbia  Wildlife  Refuge.  25-V  to  9-V111- 

19  60,  R.  Harwood.  Mexico.  80  6.  9  9  (Ytc.vo 

I. ‘‘dn),  82  kin  \VV  of  Monterrey.  9-IX-1955, 
r  ock  crevices,  P.  Galindo  and  H.  Trapido. 

Discission:  The  habits  of  /..  oppidana  are 
poorly  known.  Harwood  (1965)  reported  that 
females  in  the  laboratory  fed  on  snakes  and 
lizards,  but  not  on  frogs,  white  mice  or  humans. 
Diurnal  resting  sites  include  animal  burrows, 
small  caves  and  rock  crevices. 

Phis  species  apparently  has  a  widespread 
geographic  distribution  in  the  western  USA  and 
Mexico. 

II.  Lutzomyia  tHrlioryrtomyiat  strwarti  (Man- 
gabeira  and  Galindo).  Figs.  12,  16  and  17. 

Phlrholomus  strwarti  Mangabeira  and  Galindo 
1944:185  (6.  9.  Livermore.  Alameda  Co.. 
California).  Rozeboom  1944:274  (listed).  Addis 
1945a:828  (keyed).  Packchaman  1946:87  (disc). 
Barretto  1947:225  (catalogued).  Thurman  et  al. 
1949:199  (listed).  Vargas  and  Diaz  Najera 
1958b:812  (Sonora  State,  Mexico).  Quate 
1955:248  (refs  ).  Fairchild  1955:194  (listed). 
Fairchild  and  Hertig  1957:826  (keyed,  refs.). 
I.auret  1958:819  (coil,  data,  California).  Ortiz 
and  Alvarez  1963:312  (listed).  Fads  et  al. 
1965:251  (listed).  Ortiz.  1965b:25  (listed).  Quate 
1965:92  (listed).  Chaniotis  1967:221  (rearing 
data,  lab.  hosts,  biology).  Chaniotis  and  Ander¬ 
son  1968:273  (roll,  data,  pop.  dynamics, 
California). 

Lutzomyia  steward:  Barretto  1962:96  (listed). 
Theodor  1965:183  (listed).  Rosabal  and  Miller 
1970:180  (keyed).  Ayala  and  Lee  1970:891  (as 
host  for  saurian  malaria).  Ayala  1971c:598  (as 
host  for  saurian  malaria);  1973:266  (disease 
relationships.  California).  Forattini  1973:270 
(tax.).  Ayala  1977:275  (mention).  Martins  et  al. 
1978:81  (dist  ).  Fads  1978:540  (listed,  refs.). 
Voting  et  al.  1983:315  (Riverside  Co.,  Califor¬ 
nia). 

Known  ointkibi  iion:  Mexico.  USA.  Califor¬ 
nia  (Alameda.  Contra  Costa,  Kern,  Mendocino. 
Monterey,  Riverside.  San  Diego,  Sail  Mateo  and 
Yolo  counties).  Fig.  21. 

M.vrmiAi  tXAMiNtn:  USA.  California — I  6 
paratype  (Contra  Costa  Co.).  Marsh  Creek,  21- 
IX- 194.3,  P.  Galindo  and  <).  Mangabeira.  I  9 
(Mendocino  Co.)  I'kiah,  29-VII-I948,  light 
trap,  W.  Wirth.  2  6  (Monterey  Co.),  Ft.  Hunter 
Liggett,  26- V- 1981  and  24-VII  - 1981 .  light  trap. 
2  <5 .  5  $  (Riverside  Co.),  5.6  km  S  of  Palm  Des¬ 


ert.  1 1-13-VI11-1969  and  31-1  to  23-11-1970, 
Malaise  nap,  S.  Froinmer.  1  6,3  9  (Riverside 
Co.).  Deep  Canyon,  Coyote  Creek.  10-17-V- 
1975.  Malaise  trap,  S.  Froinmer  and  R.  Worley, 
I  6  (Riverside  Co.).  Rancho  Mirage.  Magnesia 
Springs  Can  von,  16-V1-1981,  CO*  trap,  R. 
Brenner. 

Disc  i  ssio.n:  A  female  ol  /..  strwarti  was  iden¬ 
tified  from  Ukiah.  Mendocino  Co.,  California. 
This  specimen  was  provisionally,  but  incor¬ 
rectly.  determined  earlier  as  /..  rali/ornira  In 
Fairchild  and  Hertig  (1957)  and  was  cited  as 
that  species  In  Chaniotis  and  Anderson  ( 1968). 

Laurel  (1965)  collected  154  adults  ol  /.. 
strwarti  in  light  traps  from  1  June  to  10  October 
1956  at  Woodside.  San  Mateo  Co.,  California. 
Chaniotis  ( 1967)  stated  that  in  California  adults 
of/.,  strwarti  ate  active  for  about  6  months  of 
the  year  and  that  the  fourth  instar  larvae 
diapause  during  the  winter  months. 

Adults  rest,  and  perhaps  breed,  in  the  bm- 
rows  of  ground  squirrels,  Citrllus  spp..  where 
they  feed  on  lizards  and  snakes  (Chaniotis  and 
Anderson  1968). 

Chaniotis  (1967)  reared  /..  steward  in  the  labo¬ 
ratory  and  provided  data  on  its  life  cycle,  feed¬ 
ing  and  mating  behavior,  and  other  habits. 
Ayala  and  Lee  (1970)  observed  sporozoites  of 
Plasmodium  mrxitanum,  a  saurian  malaria,  in 
wild-caught  /..  strwarti  after  they  were  exper¬ 
imentally  infected  in  the  laboratorv. 

12.  Lutzomyia  (Helcocyrtomyia)  I’rxator  (Coquil- 
lett).  Figs.  8  and  13. 

Phlrholomus  vrxator  Coquillett  1907:102(6,  9, 
Plummer's  Island.  Montgomery  Co.,  Mary¬ 
land).  Shannon  1913:165  (biology,  Virginia  rec¬ 
ord).  Shannon  1926:193(6.  9).  Dvar  1929:113 
(tax.).  Theodor  1933:274  (6.  9.  tax.).  Hall 
1936:29  (Jackson  Parish.  Louisiana).  Damp! 
1938:122  (mention).  Mangabeira  and  Galindo 
1944:183  (6.9.  reclescript..  California  records). 
Rozeboom  1944:274  (listed).  Damp!  1944:237 
(Sonora  State.  Mexico).  Addis  1945:328 
(keyed).  Packchaman  1946:37  (dist.,  Virginia 
record).  Damp)  1947:205  (tax  ).  Barretto 
1947:224  (full  refs  ).  Thurman  1949:199 
(listed).  Vargas  aid  Diaz  Najera  19536:313 
(Sonora  State,  Mexico).  Quate  1955:243  (kescd. 
refs.).  Fairchild  1955:191  (classif.).  Fairchild 
and  Hertig  1957:327  (keyed,  tax.,  rels  ).  Hertig 
and  [olmson  1961:753  (mention).  Ortiz  and  Al¬ 
varez  1963:312  (listed).  Roberts  1965:28) 
(Mississippi  record).  Ortiz  1965:25  (listed). 
Quale  1965:92  (listed).  Downes  1972:1135 
(Perth,  Ontario.  Canada). 

Phlrholomus  vrxator  otnderilis  Fairchild  and 
Hertig  1957:334  (6.  9.  Altutas  trap  station. 
Modoc  Co..  California  and  Topaz  lake.  Mono 
Co.,  California).  Fairchild  and  Harwood 
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1961:240  (keved,  Adams  (in..  Washington). 
Ortiz  anil  Alvarez  1965:512  (listed),  (ihanmtis 
and  Anderson  1964:27  (descript.  miniatures, 
rearing  data.  tax.  California).  Harwcxxl  1965:1 
(ecology.  Washington:  Alberta,  Canada  record). 
Eads  et  al.  1965:251  (listed).  Quatc  1965:92 
(listed).  Chaniotis  1967:221  (rearing  data,  bi¬ 
ology,  California).  Anderson  and  Avala 
1968:1025  (as  vector  of  toad  trypanosome. 
California).  Chaniotis  and  Anderson  1968:275 
(pop.  dynamic's,  redescript.,  California  records, 
nat.  infected  with  trypanosomes).  Avala 
1970a:587  (infected  with  hemogregarines) 
Shemanchuk  et  al.  1978: 1555  (Alberta,  Canada 
in  marmot  burrows). 

l.utzomyui  vexator  (or  as  x'exatnx)  ocridentis: 
Barrette)  1962:96  (listed).  Kosabal  and  Miller 
1970:180  (keyed).  Avala  and  l.ee  1970:891  (as 
host  for  saurian  malaria).  Avala  1970c:  15  (de¬ 
velopment  of  malaria  in  females);  1971a:44<> 
(infected  with  gregarines);  1971b:45S  (saurian 
malatia  infected  with  trypanosomes): 

1 97 1  c: 598  (saurian  malaria).  Young  1972:62 
(  Texas  records).  Avala  1975:266  (parasite  re¬ 
lationships).  Chaniotis  1974:554  (Montana  rec¬ 
ord).  Eads  1978:540  (refs.).  Martins  et  al. 
1978:77  (dist.).  Chaniotis  1978:19  (mention). 

l.utzomyui  vexator  (or  as  matrix):  Barretto 
1962:96  (listed).  Theodor  1965:185  (classif.). 
Quale  1965:92  (listed).  Rosabal  and  Miller 
1970:180  (keyed,  Louisiana  records).  Young 
1972:65  (Florida  records).  Forattini  1975:272 
(tax.).  Lewis  1975:501  (mouthpart  morphol.). 
Aitken  et  al.  1977:582  (Connecticut  records). 
Martins  et  al.  1978:77  (dist.,  including  Mann 
Co.,  Calif).  Chaniotis  1978:19  (mention).  EacN 
1978:540  (refs.).  Steyskal  1979:425  ("vexator"  as 
correct  spelling).  Young  et  al.  1981:446  (men¬ 
tion).  Endris  et  al.  1982:401  (tearing  data). 

Known  disiribi tion:  Mexico.  Canada.  .4/- 
brrta  and  Ontario.  USA.  Alabama  ( l-auderdale 
Co.).  Arkansas  (Carland  Co.).  California 
(Alameda.  Contra  Costa,  Kern,  Mann.  Marin. 
Mendocino.  Modcx.  Mono,  Monterey,  River¬ 
side,  San  Luis  Obispo,  San  Mateo,  Solano. 
Ventura  and  Yolo  counties).  Colorado  (El  Paso 
Co.).  Connecticut  (Middlesex  Co.).  Honda 
(Alachua,  Collier,  Highlands.  Levy  and  Wakulla 
counties).  Georgia  ((.win nett  Co.).  Ijiuisiana 
(.lack son,  Morehouse  and  Orleans  parishes). 
Maryland  (Montgomery  Co.).  Mississippi 
(Washington  Co.).  Montana  (Ravalli  Co  ).  \ev 
Mexico  (Eddy  and  Rio  Arriba  counties).  Okla¬ 
homa  (Caddo  and  Oklahoma  counties).  Texas 
(Edwards,  Gillespie,  Presidio  and  Uvalde  coun¬ 
ties).  Virginia  (Augusta  and  Fauquier  counties). 
Washington  (Adams  and  Whitman  counties). 
Wyoming  (Goshen  Co.).  Tig.  22. 

MutKitt  t.x.wiiNU):  USA.  Arkansas — 5  6. 
2  9  (Cailand  Co.).  Hot  Sptiugs,  V 1 1 1  - 1 97  I . 


light  trap.  J.  Remert.  California  —  1  9  (Alameda 
Co  ),  Strawberry  Canyon,  X-1948,  light  trap,  W. 
Wirth.  16.  19  (Contra  Costa  Co).  Marsh 
creek.  15- 1 9-1 X- 194.4.  P.  Galindo  el  a).  1  9 
(Modcx  Co.).  Alturas  Ttap  Station,  \  111-1948, 
light  trap.  R.  Coleman.  1  9  (Mono  Co.),  Topaz. 
Lake.  1  -V 1 1 1- 1948,  light  trap,  R.  Coleman.  8  6 , 
20  9  (Monterev  Co  ).  Ft.  Hunter  Ligget.  19-V 
to  25-1X-198 1 ,  light  trap,  l  .S.  Arms  personnel. 
1  6  (Riverside  Co).  Riverside,  20-2I-V1 1-I071, 
light  trap.  S.  From  titer  and  L.  Luna. 
Colorado — 1  9  (El  Paso  Co.),  Ft.  Carson.  VIII- 
1981.  light  ttap,  l.S.  Anns  personnel. 
Connecticut — I  9  (  Middlesex  Co.).  X'otth  Madi¬ 
son.  8-Y1 1-1977,  light  trap.  1.  Aitken  and  K. 
Kloter.  1  6  (Middlesex  Co.),  Millington.  VII- 
1977,  light  trap.  I.  Aitken.  Honda — 4  6.2  9 
(Alachua  Co.).  San  Felasco  Hammcxk.  various 
dates  in  V.  VIII  and  1X-1967.  1968,  light  and 
(light  traps.  F.  Blanton.  1).  Young  and  G.  Fair- 
child.  2  6.  2  9  (Lew  Co.).  Gulf  Hammcxk, 
IX- 1975.  under  Irxise  bark  ol  standing  dead 
trees.  I).  Young.  22  6. 50  9.  same  data  but  8-V 
to  15-1 X- 1 98 1 .  P.  Perkins  and  1).  Young.  1  9 
(Wakulla  Co.),  Wakulla  Springs.  I  V- 1980.  light 
trap,  W.  Kramer.  Maryland — 1  6,  19 
(Montgomery  Co.).  Plummer's  Island.  VII,  R. 
Shannon.  2  6.4  9  but  reared.  1952-1956,  M. 
Hertig.  16.4  9.  same  data  but  6-7-V1I1-1949. 
hollow  tree  and  in  house.  M.  Hertig. 
Oklahoma  —  1  6.  19  (Caddo  Co.),  Anadarko. 
VIII- 197 1 .  light  trap,  J.  Reinert.  1  6  (drawing 
of  style,  specimen  not  seen).  Edmond  (Okla¬ 
homa  Co.),  no  other  data.  Texas — 2  6,19  (Ed¬ 
wards  Co  ).  6  km  X  of  Barksdale.  V-1982.  al 
light.  P.  Law  vet  et  al.  2  6.7  9  (Gillespie  Co.), 
Fredericksburg,  V.  VII  and  1X-1968,  1969. 
light  traps.  H.  Botchers.  2  6.5  9  (Uvalde  Co.). 
Garnet  State  Park,  18- V- 1965,  light  traps,  1). 
Young.  Washington — 27  6,  56  9  (Adams  Co.), 
Othello.  Columbia  Wildlife  Refuge.  25-VI  to 
50-X-1960,  marmot  burrows,  R.  Harwood. 
Wyoming — I  9  (Goshen  Co.),  Lingle,  VIII- 
1970.  light  trap.  M.  Butler. 

Ai»m t iciNAt  km  incus  (all  collected  by  V. 
Newhouse  in  light  traps):  Florida  —  1  6  (Collier 
Co.).  Turner  River  jungle  Garden,  50-VII- 
1965.  6  9  (Collier  Co.),  Corkscrew  Swamp,  22- 
25-1-1965.  5  6.  5  9.  same  data  but  9-VI-I967. 

1  6.  II  9.  same  data  licit  5-4-VIII-I967.  2  6. 
4  9,  same  data  but  I-  12-IX- 1967.  16.  2  9 
(Highlands  Co.),  Brighton  Indian  Reservation, 
15-18-111-1966.  I. on i sin na  —  1  9  (Orleans 
Parish).  Kennei .  4-VII1- 1966.  \eu-  Mexico — 1  9 
(Felds  Co.),  Carlsbad,  Rattlesnake  Springs, 
17-VII-1968.  2  9  (Rio  Arriba  Co.).  Albicjuin, 
I9-20-VIU-I965 

Discission:  Fairchild  and  Hertig  (1957) 
studied  males  and  females  ol  I.  I’exalar  from 
California  and  concluded  that  they  differed 
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subspecifically  from  specimens  collected  on 
Plummer's  (sland.  Maryland,  the  type-locality. 
They  stated  that  the  California  specimens, 
which  they  named  L.  vexator  uccidentis,  had  the 
following  distinguishing  characteristics:  “Male 
with  genital  filaments  shorter,  less  than  4  times 
length  of  pump;  style  shorter  and  stouter,  the 
two  suhapical  spines  farther  apart  and  the  most 
basal  one  of  this  pair  closer  to  the  basal  spine 
than  in  vexator.  Basal  tuft  of  coxite  of  4  setae. 
Female  with  spermathecae  shorter,  more  slen¬ 
der,  less  than  twice  as  long  as  stem  of  genital 
fork.  Cibarium  narrower,  with  but  4  horizontal 
teeth,  lacking  the  sublateral  shorter  teeth  found 
in  vexator.” 

Chaniotis  and  Anderson  (1964,  1967)  rede¬ 
scribed  L.  v.  uccidentis  from  California 
specimens,  noting  that  the  aedeagal  filaments 
of  10  males  were  4  times  the  length  of  the 
ejaculatory  apodeme  and  sperm  pump  and  that 
the  basal  gonocoxal  tuft  consisted  of  4  or  5  long 
hair-like  setae.  The  length  of  the  aedeagal  fila¬ 
ments  of  Florida  males  that  were  examined  in 
this  study  varied  from  3.6  times  to  4.6  times  the 
length  of  the  ejaculatory  apodeme  and  sperm 
pump  and  the  gonocoxal  tuft  consisted  of  4  or  5 
setae.  This  range  of  measurements  encom¬ 
passes  that  observed  for  all  other  males  exam¬ 
ined  (including  California  and  Washington 
State  specimens)  except  that  one  male  from 
Phimmer's  Island  had  aedeagal  filaments  4.9 
times  the  length  of  the  ejaculatory  apodeme 
arid  sperm  pump.  The  length  of  the  gonostylus 
and  presence  or  absence  of  sublateral  teeth  in 
the  female  cibarium  are  not  diagnostic.  Of  7 
females  examined  from  the  same  population  in 
Texas,  2  had  sublateral  teeth  while  the  other  5 
lacked  them.  The  length  of  the  gonostylus  of  16 
males  from  Washington  State  ranged  from  0.21 
to  0.24  mm  and  front  0.24  to  0.26  for  3  males 
from  Maryland.  In  view  of  this  variation  and  of 
out  inability  to  detect  clear-cut,  consistent  dif¬ 
ferences  among  specimens  from  various  lo¬ 
cal  ities,  L.  vexator  is  treated  as  a  tnonotypic  spe¬ 
cie  s  that  has  a  widespread  geographic  distribu¬ 
tion  in  North  America. 

Lutzomyia  vexator  is  easily  reared  in  the  labo¬ 
ratory.  Marshall  Hertig  maintained  a  closed 
colony  from  1932  to  1936  at  Harvard  Univer¬ 
sity  from  specimens  collected  at  Plummer's  Is¬ 
land,  Maryland.  Chaniotis  and  Anderson 
( 1964)  artd  Chaniotis  (1968)  successfully  reared 
L.  vex*tor  artdl  provided  information  on  its  bi- 
ology  tinder  laboratory  conditions  and  in  the 
field  (Chaniotis  and  Anderson  1968).  A  labo¬ 
ratory  colony  is  presently  being  maintained  at 
the  University  of  Florida  (F.ndris  et  al.  1982). 

Ayala  and  colleagues  (1968-73)  published 
several  articles  on  sand  flies  (mostly  L.  vexator) 


and  associated  parasites  in  California.  There, 
the  sand  flies  rest  in  ground  squirrel  burrows 
that  are  also  occupied  by  lizards,  snakes  and 
other  cold-blooded  vertebrates  which  serve  as 
hosts  for  these  insects. 

Sporozoites  of  Plasmodium  mexicanum  a  sau¬ 
rian  malaria,  were  observed  in  experimen¬ 
tally-infected  sand  flies  (mosdy  L.  vexator)  from 
California.  These  sporozoites  were  infective  to 
Scleoporus  lizards  when  injected  intraperitone- 
ally.  Transmission  was  not  demonstrated  by 
sand  fly  bite  and  no  natural  infections  were 
found  in  the  presumed  vector. 

During  the  past  3  years  in  Florida,  over  600 
laboratory-reared  females  of  L.  vexator  that  had 
previously  fed  on  Plasmodium  floridense-infecled 
anoles  (Ano/is  carolinensi s)  were  dissected.  Oo¬ 
cysts  were  seen  in  over  50%  of  the  flies  that 
were  dissected  4-20  days  after  the  infecting 
bloodmeals,  but  no  sporozoites  were  detected. 

In  addition  to  these  preliminary  observations, 
it  is  noted  that  naturally  infected  Anolis  have 
been  found  in  several  Florida  localities  where 
phlebotomine  sand  flies  do  not  occur.  Although 
hardly  conclusive,  these  observations  suggest 
that  P.floridense  is  not  transmitted  to  Anolis  and 
fence  lizards  (Sce/oporus)  in  Florida  by 
phlebotomines. 

SuBGKNCS  XI ICROPYCOMYIA  BaRRKTTO 

13.  Lutzomyia  (Micropygomyia)  califomica 
(Fairchild  and  Hertig),  Fig.  14. 

Phlebotomus  californicus  Fairchild  and  Hertig 
1957:328  (d,  2.  Ft.  Yuma,  Imperial  Co., 
California).  Fairchild  and  Harwood  1961:242 
(Othello,  Adams  Co.,  Washington).  Ortiz  and 
Alvarez  1963:312  (listed).  Ortiz  1965a:205 
(listed).  F.ads  et  al.  1965:251  (listed).  Quate 
1965:92  (listed).  Easton  et  al.  1967:429  (Pres¬ 
idio  Co..  Texas);  1968:467  (listed).  Chaniotis 
1967:221  (life  cycle,  rearing  data).  Chaniotis 
and  Anderson  1968:273  (pop.  dynamics, 
California  records,  redescript.). 

Lutzomyia  califomica:  Barretto  1962:95 
(listed).  Theodor  1965:187  (classif.).  Rosabal 
and  Miller  1970:180  (keyed).  Forattini 
1971:101  (listed).  Young  1972:61  (mention). 
Martins  and  Morales-Farias  1972:365  (dist.). 
Ayala  1973:268  (mention).  Forattini  1973:12 
(tax.).  Martins  et  al.  1978:67  (dist.).  Chaniotis 
1978:19  (mention).  F.ads  1978:539  (listed, 
refs.).  Young  et  al.  1983:315  (Riverside  Co., 
California). 

Known  distribution:  USA.  Arizona — (Pinal 
Co.).  California  (Imperial,  Inyo,  Kern,  Lassen, 
Monterey,  Riverside,  San  Diego  and  Yolo 
counties).  Texas  (Presidio  and  Val  Verde  coun¬ 
ties).  Washington  (Adams  Co.),  Fig.  23. 
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Matkriai.  kxa.vii.nfi>:  USA.  Arizona — 5  9 
(Pinal  Co.).  Superstitition  Mountains,  11-ill 
and  ll-X-1942,  in  cave.  R.  Flock  (L'SNM). 
California  —  1  6  holotvpe,  1  9  allotype  (Impe¬ 
rial  Co.),  Ft.  Yuma,  28-IX-I948,  light  trap.  R. 
Coleman.  1  <5  (Riverside  Co.),  P.  L.  Bt>>d  Des¬ 
ert  Research  Center,  15-16-X-1969,  Malaise 
trap,  S.  Fromtner  and  R.  Worley.  I  9  (Riverside 
Co.),  Deep  Canyon,  Coyote  Creek,  10-17-Y- 
1975,  Malaise  trap,  S.  Fromtner.  2  9  (Riverside 
Co.),  Cahuilla  Hills,  Palm  Desert.  22-VII-1981, 
C02  trap,  R.  Brenner.  1  d,  1  9  same  data  hut 
1 6-1 X- 1 98 1  and  4-XI-1981.  Texas— \  9  (Yal 
Verde  Co.).  Del  Rio.  IX- 196.1.  light  trap.  R. 
tads.  Washington — -7  <5 .  159  (Adams  Co.), 
Othello,  Columbia  Wildlife  Refuge.  VI-VI11- 
1960,  marmot  burrows,  R.  Harwood. 

Discission:  Fairchild  and  Hertig  (1957) 
pointed  out  that  /..  cull  f  to no <l  anil  /..  < hlapaensis 
(Damp!)  are  very  similar  in  structure,  differing 
only  in  the  relative  lengths  of  the  female  sperm 
ducts  and  in  details  of  the  male  lerminalia.  Now 
that  additional  material  is  available,  there  is  a 
strong  possibilitv  that  these  differences  relied 
geographic  variation  of  a  single  widespread 
species  that  occurs  from  Panama  to  northwest 
USA.  We  have  not  examined  specimens  from 
Mexico,  however,  and  will  therefore  continue  to 
recognize  these  species  as  distinct. 

Apart  from  the  longer  common  sperm  duct 
of  the  /  chiapaensis  female  there  are  no  other 
structural  differences  between  it  and  /..  calif  m- 
nun.  There  is  considerable  variation  in  the 
number  of  horizontal  teeth  ill  the  female 
cibariutn.  Chaniotis  and  Anderson  (1968) 
counted  16-44  such  teeth  in  10  or  more  fe¬ 
males  from  California.  I  he  I  exas  female,  ex¬ 
amined  bv  us,  has  20  teeth:  1.4  females  from 
Othello,  Washington  have  16-25  teeth.  Females 
referable  to  /..  chiapanensis  show  similar  varia¬ 
tion.  The  female  holotvpe  of  /..  chiapanensis 
from  Chiapas  State,  Mexico,  has  25  horizontal 
teeth  (Dampf  1947).  Specimens  from  Panama 
(n  =  5),  Costa  Ric  a  (n  =  I)  and  Fil  Salvador  (n  = 
1)  have  20-24,  20  and  28  teeth  respectively. 

File  males  of  /..  calif  arnica  and  /..  chiapanensis 
are  distinguished  by  the  shape  and  setation  of 
the  gonocoxites.  Unlike  L.  rali/ornira.  l.utzomyia 
chiapanensis  has  a  gonocoxite  that  is  noticeable 
widened  basally  and  has  numerous  setae  distal 
to  the  basal  tuft. 

In  California,  females  of/.,  californiea  feed  on 
lizards  and  snakes,  probably  within  mammal 
burrows  which  also  serve  as  resting  sites  for  the 
flies  (Chaniotis  and  Anderson  1968).  These 
authors  collected  /..  calif  innicii  in  Yolo  Co.. 
California,  in  low  numbers  from  June  24  to 
October  12,  1965,  and  suggested  that  there  are 
.4  generations  per  year  in  that  area. 


14.  l.utzomyia  ( Micropygomyia)  cubensis  (Fairchild 
and  Trapido),  Fig.  15. 

Phlebotomus  cubensis  Fairchild  and  Trapido 
1950:414  (d,  9,  near  Camaguey,  Cuba).  Fair- 
child  1955  194  (listed).  Ortiz  1965a:290  (9 
keyed).  Avila  et  al.  1969:5  (mention). 

l.utzomyia  cubensis:  Barretto  1962:95  (listed). 
Theodor  1965:187  (listed).  Young  1972:6.4  (Big 
Pine  Kev.  Monroe  Co.,  Florida).  Martins  and 
Morales-Farias  1972:469  (listed).  Forattini 
1974:435  (listed,  keyed).  Lewis  1975:502 
(mouthpart  morphol.).  Fads  1978:540  (listed). 
Chaniotis  1978:19  (mention).  Martins  et  al. 
1978-62  (dist.). 

Known  disiribition:  Cuba.  USA.  Florida 
( Monroe  Co  ),  Fig.  23. 

Matf.riai  fxaminfd:  L'SA.  Florida — 1  9 
(Monroe  Co.),  Big  Pine  Key,  16-1-1969,  flight 
trap.  A.  Gurney  (L'SNM).  2  d,  2  9  (Monroe 
Co.),  Middle  Torch  Key.  13-11-1978,  flight  trap, 
W.  Wirth.  Cuba.  9  d.8  9  (holotvpe,  allotype  and 
paiatvpes).  Camaguey  and  Chapaste,  V'-VI- 
1949.  tree  buttresses,  G.  Fairchild  and  H. 

I  rapido. 

Disc  i  ssicin:  l.utzomyia  cubensis  is  a  small  sand 

II  v  that  successfully  colonized  some  of  the 
Florida  Kevs  presumably  from  West  Indian 
sunk.  Its  close  relatives.  /..  rayennensis  (Flcxh 
and  Abutment )  and  allies,  f  eed  mostly  on 
lizards. 


CONCLUDING  RF.MARKS 

Much  more  information  on  sand  flies  in 
North  America  is  needed  to  understand  the 
extent  of  their  geographic  ranges,  bionomics 
and  disease  relationships.  With  few  exceptions, 
most  observations  and  collections  of  these  flies 
were  made  incidental  to  other  insect  studies. 
I  he  phlclxuomine  fauna  of  the  western  USA  is 
richer  than  that  of  the  eastern  states  and  it  is 
there  that  additional  species  are  likely  to  he 
discovered  and  where  studies  on  the  known 
species  are  especially  needed. 


ACKNOWLF.DGMF  N  FS 

We  wish  to  thank  Dr.  G.  B,  Fairchild  and  Dr. 
Ronald  A.  Ward  for  the  critical  reviews  of  this 
manuscript.  We  also  wish  to  thank  Olimpia 
Arczaga  for  her  excellent  work  in  typing  the 
oiiginal  and  revised  manuscripts. 


282 


Mosquito  NT.ws 


Voi.  44,  No.  2— Pari  II 


Ref  ere  nr es  Cited 

Addis,  C.  J.  1945a.  Col  lot  don  and  preservation  of 
sandflies  tPhlebotomusl  with  kevs  to  C.S.  species 
(Diptera:  Psvchodidae).  Trans.  Ain.  Microscop. 
S<  k  .  64.S28-S.S2. 

-  1945b.  Phlebotomus  i  Dampf  omyta)  anthophorus, 

n.sp..  and  PhleboUmu. s  dmboluu s  Hall  from  Texas 
(Diptera:  Psvchodidae).  J.  Parasitol.  S:  119-  127. 

-  1945c.  Laboratory  rearing  and  life  cycle  of 

Phlebotomus  t  Dampf  omyia)  anthophorus  Addis  (Dip¬ 
tera:  Psvchodidae).  J.  Parasitol.  31:519-522. 

Aitken.  I".  H.  A.  J.  Main  ami  D.  G.  Young.  1977. 

I. utzomyia  rexator  (Ccxjuillett )  in  Connecticut.  Proc. 
Kntomol.  Sot'.  Wash.  79:582. 

Anderson.  D.  C...  R.  G.  Buckner.  B.  L.  Glenn  and 
D.  W.  MacVean.  1980.  Kndemk  canine  leish¬ 
maniasis  Vet.  Pathol.  17 AM- 96. 

Anderson,  J.  R.  and  S.  C.  Ayala.  1968.  Trypanosome 
transmitted  by  Phlebotomus:  First  report  from  the 
Americas.  Science  16 1 : 1023-  1025. 

Avila.  I.  G.,  A.  V.  Gutsevich  and  R.  G.  Brcxhe.  1969. 
Nuevos  datos  sobre  la  familia  Phlelrotomidae  eti 
Cuba.  Torreia  14:1-7. 

Ayala.  S.  C.  1970a.  Hemogregarine  from  sandflv  in¬ 
fecting  both  lizards  and  snakes.  |.  Parasitol. 
56:387-  388. 

-  1970b.  l  uo  new  trvpanosomes  from  (Califor¬ 
nia  toads  and  lizards.  J.  Proto/<x>l.  17:370-373. 

-  1970t.  Plasmodium  mexuanum  in  California: 

Natural  History  and  development  in  phlebotomine 
sandflies  (Diptera:  Psvt hodidae).  J.  Parasitol.  56, 
Sett.  11:13. 

-  1971a.  Gregarine  infections  in  the  California 

sandfly,  I.utzomyia  vexatnx  otndenti\.  J.  Invert. 
Pathol  17:440-441. 

-  1971b.  Trypanosomes  in  wild  California  sand¬ 
flies.  and  extrinsic  stages  of  Trypanosoma  bufophle 
boUum.  J.  Protozool.  18:433-436. 

-  1971c  ,  Sporogonv  and  experimental  transmis¬ 
sion  of  Plasmodium  mexiianum.  J.  Parasitol. 
57:598-602. 

-  1973.  The  phlebotomine  sandflv — protozoan 

parasite  community  of  central  California  grass¬ 
lands.  Am.  Midi.  Nat.  89:266-280. 

-  1977.  Plasmodia  of  reptiles.  P.  267-309.  hi 

J.  P.  Kreier  [ed.].  Parastic  Protozoa.  Academic 
Press,  New-  York. 

Avala.  S.  C.  and  D.  Lee.  1970.  Saurian  malaria:  De¬ 
velopment  of  sporozoites  in  two  species  of  phlebo- 
loininc  sandflies.  Science  167:891-892. 

Avala.  S.  C.  and  J.  McKay.  1971.  Trypanosoma  gen- 
honoti  n.sp.;  and  extrinsic  development  of  lizard 
ti vpanosomes  in  California  sandflies.  J.  Protozool. 
18:430-433. 

Baietto.  M.  P.  1947.  Catalogo  dos  flebotomos  Ameri¬ 
canos.  Arch.  Zool.  Km.  S.  Paulo  5:177-242, 

-  1962.  Nova  siibgeneros  de  I.utzomyia  Franc,a, 

f924  (Psvc/iodidae.  stib/amilia  PMeltnunninuc). 
Rev.  Inst.  Med.  Irop.  S.  Paulo.  4:91-100. 

Biagi,  A.  M.  1966.  (live  para  identification  rapida  de 
las  hembras  de  Phlebotomus  antropofilos  del  area 
cndemita  de  leishmaniasis  cutanea  en  Mexico.  Rev. 
Inst.  Salud  Publ.  (Mex.).  26:367-373. 

Biagi.  F.  and  A.  M.  Biagi.  1953a.  Algunos  Flebotomus 
del  area  endemica  de  leishmaniasis  tegumentaria 


Americana  del  L.  de  Campeche,  (Mex  ).  Rev.  Med. 
(Mex.)  24:315-319. 

-  1953b.  Datos  ecologicos  de  algunos  Flebotomus 

Mexicanos  (Diptera.  Psvch  ).  An.  Inst.  Biol.  (Mex.). 
24:445-450. 

Bishop.  D.  H.  L.,  C.  H.  Calisher.  J.  Casals.  M.  P. 
Chumakov,  S.  Ya.  Gaidamovich,  C.  Hannoun, 
D.  K.  Lvov.  I.  D.  Marshall.  V  Oker-BKmi.  R.  K.  Pet- 
tersson.  J.  S.  Porterfield.  P.  K.  Russell,  R.  L.  Shope 
and  K.  G.  Westawav.  1980.  Bunvaviridae.  Inter¬ 
virology  14:125-143. 

Calisher.  C.  H..  R.  C.  McLean.  C.  C.  Smith,  D.  M. 
Sztnvd.  D.  J.  Muth  and  J,  S.  laizuick.  1977.  Rio 
Grande — A  new  Phlelxttomus  lever  group  virus 
from  south  Texas.  Am.  |.  Prop.  Med.  Hvg. 
26:997-1002. 

(.'haniotis,  B.  N.  1967.  The  biology  of  ( California  Phlr- 
botomus  (Diptera:  Psvchodidae)  under  laboratorv 
conditions.  J.  Med.  Kntomol.  4:221-233. 

-  1974.  Phlebotomine  sandflies  in  Montana: 

First  report.  Mosq.  News  34:334-335. 

-  1978.  Phlebotomine  sandflies  (Family  Psyc ho¬ 
didae).  pp.  19-30. In  R.  A.  Brain  led.].  Surveillance 
and  collection  of  arthropods  of  veterinary  im¬ 
portance.  L’.S.  Dept.  Agric.  Handb.  518. 

(.haniotis.  B.  N.  and  J.  R.  Anderson.  1964.  Notes  on 
the  morphology  and  laboratory  rearing  of  Phlebo¬ 
tomus  vexator  ocndentis.  Pan-Pac.  Kntomol. 
40:27-32. 

Chariiofis,  R.  \.  and  J.  R.  Anderson.  1968.  Age 
structure,  population  dynamics  and  vector  poten¬ 
tial  of  Phlebotomus  in  northern  California.  Part  IT 
Field  population  dynamics  and  natural  flagellates 
infections  in  parous  females.  J.  Med.  F.ntomol. 
5:273-292. 

Chaniotis.  B.  N.,  M.  A.  Correa,  R.  B.  Tesh  and  K.  M. 
Johnson.  1971.  Daily  and  seasonal  man-biting  ac¬ 
tivity  of  phlebotomine  sandflies  in  Panama.  J.  Med. 
Kntomol.  8:415-420. 

Christensen,  J.  A.  and  A.  M.  de  Vasquez.  1982.  The 
tree-buttress  biotvpe:  A  pathobicxeno.se  of  Leuh- 
mania  braziliensis.  Am.  J.  Prop.  Med.  Hvg.  31:243- 
251. 

Ccxpiillelt,  D.  W.  1907.  Discovery  of  blcMxl-sucking 
Psvchodidae  in  A  meric  «i.  Kntomol.  News  18:101- 
102. 

Dampf.  A.  1938.  I  n  nuevo  Phlebotomus  (Insccta. 
Diptera.  Fa  m.  Psvchodidae)  procedentc  de  Texas. 

K.l  .A.  Anal.  Ksc.  Nat  Ciencias  Biol  1:199-122. 

-  1944.  Notas  sor>re  flelxitomidos  mexicanos. 

(  )bservac  iones  genet  ales  v  desc  ripe 'ion  de  dos  es- 
pec  ies  nuevas  ( Phlebotomus  oftpidaru/s  \  P.  vmduatar 
encontvadas  en  la  Ciudad  de  Mexico  (Ins.  Diptera. 
Kam.  Phlebofomida  ).  Rev.  Sen  Mex.  Hist.  Nat. 
5:237-254. 

-  1947.  Notas  sobre  flelx»!omidos  Mexicanos. 

IV.  Kl  mac  ho  de  Phlebotomus  vmduatoi  Dampf.  Rev. 
Sex.  Mex.  Hist.  Nat.  8(1-4)  205-213. 

Dec  kei -Jackson,  J.  K.  and  D.  B.  Tang.  1982.  Identifi¬ 
cation  of  l.etshmania  ssp.  In  radioespiromelrv  11.  A 
statistical  methext  of  data  analysis  to  evaluate  the 
rcpioducihilitv  and  sensitivity  of  the  technique,  pp. 
205-245.  In  M.  L.  Chance  and  B.  C,  Walton  (ed.l 
Bicxhemical  characterization  of  l.eishmama.  Pick. 
of  a  PA  HO  workshop.  Washington.  D.G..  CN'DP/ 


Jink  1984 


Mos^l  NO  \M\S 


283 


Wot  Id  Bank  M  H< )  Special  Pi  ogi  amine  lot  Re¬ 
search  lor  Gaining  in  I  topical  Diseases.  ( »eneva. 

I)c  l.enn,  J.  R  1971  ( ottlt iluiuon  al  estudio  tie  l<» 
Phlrbnlntnu \  (Dipteia  Psvc  hodidae).  Pfdibuhnnuy  del 
grupo  anthuphonis  en  Guatemala.  Rev.  Golegio 
Med.  Guatemala  22:187-193. 

Dia/  Najera.  A.  1971.  hesetue  of  l.utzumua  tl.ulzo- 
my  id  I  dtafudua  (Hall.  1936)  in  Mu/qui/.  Goahuila. 
Mexico  i  Diptera.  Psvc hodidae}.  Rev.  Inst  Salud 
Fubl.  (Mex.)  31:62-66. 

Disney.  R.  H  l..  1968.  hvideme  that  l.ulzomxta  dta- 
boliai  Hal!  is  e  unspec  ific  vs  itli  /..  i  runala  Goquillett 
(Diptera:  Psvchodidae).  I  Med.  hntomol.  5:267- 
268. 

Downes.  J.  A  1972.  Canadian  records  of  Phlchotonius 
vrxator,  Truhvtnyta  nuda  and  Mamma  latundata 
(Diptera:  Psvchodidae).  Can.  hntomol.  104:1135- 
1136. 

Dyar,  H.  G.  1929.  ’[’he  present  knowledge  of  the 
American  species  of  Phlebotomus  Rondani  (Diptera. 
Psvchodidae).  Am.  J.  Hyg.  10:112-124. 

Pads.  R.  B.  1978.  Sandflv  distribution  in  the  I’nited 
States,  with  a  first  record  for  Colorado  (Diptera: 
Psychodida-*)-  Pick,  hntomol.  Sck.  Wash.  80:538- 
542. 

Fads,  R.  B..  H  A.  Trevino  and  h.  G.  Campos.  1965. 
Additional  records  of  Phteholomu*  fexanu \  (Diptera: 
Psvchodidae).  Pick,  hntomol.  Sen.  Wash.  67:251- 
252. 

Fusion.  h.  R..  M.  A.  Price  and  ().  H.  Graham.  1967. 
The  ckc urrence  of  PhMtotomu*  lalifornuu '  Fait  c  hilci 
and  Hertig  and  Phfehotomus  oppidanus  Datnpf  in 
Texas.  Mosq.  News  27:429. 

-  1968.  The  collection  of  biting  flies  in  west 

Texas  with  Malaise  and  animal-baited  traps.  Mosq. 
News  28:465-469. 

Kiulris.  R.  G.  1982.  Studies  of  l.utzomxta  anthuphuia 
(  Addis)  (Diptera:  Psvchodidae)  and  othei  potenti.il 
vectors  of  Rio  Grande  virus.  Ph.I).  Thesis.  I  nivet- 
sity  of  Florida. 

hndris.  R.  G.,  P.  V.  Perkins.  D.  G.  Young  and  R.  V 
Johnson.  1982.  Techniques  for  laboratnrv  rearing 
of  sand  flies  (Diptera:  Psvchodidae).  Mosq.  News 
42:400-407. 

hndris.  R.  (7.  R.  B.  Iesh  and  1).  G  Young.  1983 
I  ransovarial  transmission  of  Rio  Grande  viius 
(Bunvaviridae:  Phlrhovtrus )  In  the  sand  flv,  l.utzn 
mxia  anthuphuia.  Am.  J.  [  top.  Med.  Hvg.  32:862- 
864. 

Fairchild.  G.  IF  1955.  The  relationship  and  classifica¬ 
tion  of  the  Phlebotominae  (Diptera:  Psvc  hodidac). 
Ann.  hntomol.  Sck.  Am.  48: 182-  196. 

Fairc  hild,  G.  B.  and  R.  F.  Harwood.  1961 .  Phhhotumus 
sandflies  from  animal  but  tows  m  eastern  Wash¬ 
ington.  Pkk.  hntomol.  Sck.  Wash.  63:23!*- 245. 

Fairchild.  G.  B.  and  M.  Hertig.  1948a.  Notes  on  the 
Phh'hotinmts  of  Panama.  III.  P.  t  rut  talus  Cchj.,  inn 
idadrnus  News!.,  and  gomrzt  Nit/.  Ann.  hntomol. 
Sck.  Am.  41:247-257. 

- —  1948b.  Notes  on  the*  Phlcbotumus  ol  Panama 

(Diptera.  Psvchodidae).  P  alrudavalus  Knab.  P. 
(axrntu’n\t\  FUk  h  and  Abutment .  P.  (hapanni\t\ 
Damp!  and  some  related  forms  from  the  West 
Indies  and  Mexico.  Ann.  hntomol.  Soc.  Am. 
41:455-467. 


- —  1950.  Notes  on  the  Phhhntomu '  of  Panama 

(I)ipteia:  Ps\c  hodidae).  IV.  Phhbolontus  damnum 
l)\ai  and  i elated  specie’s.  Ann.  hntomol.  Soe .  Am. 
43:523-533. 

-  1953a  Note’s  on  the  Phh bahmtus  ol  Panama 

(Dipteia:  lNvt  hodidae).  N.  P.  aranaot.  P.  Itaiicl/m 
and  two  new  species.  Ann.  hntomol.  Soc .  Am. 
46:21-34. 

-  19531).  Notes  on  the  Phidiutomus  of  Panama 

(Diptera:  Psvc  hodidae).  XI.  I  he  male  of  /*.  <  tin  talus 
Goq.  and  notes  on  related  species.  Ann.  hntomol. 
Soc.  Am.  46:373-385. 

-  1956.  Notes  on  the*  Phlrbutomus  ol  Panama 

(Diptera:  Psvchodidae).  XII.  The  group  An 
thophorus  with  desc  t  iptions  of  tout  new  spetiesfioni 
Panama  and  Mexico.  Ann.  hntomol.  Sot.  Am. 
49:307-312. 

- — - —  1957.  Notes  on  the*  PhldioUnttu*  of  Panama. 

XIII.  I  he*  \T\atnt  group  with  descriptions  of  new 
species  from  Panama  and  Galitornia.  Ann.  hn¬ 
tomol.  Sot.  Am.  50:325-334. 

-  1959.  Geographic  distribution  of  the  Phh- 

but mnu s  sandflies  of  Genital  America.  Ann. 
hntomol.  Sck.  \m.  52:121-124. 

-  I9(il.  Three  new  speck’s  of  PhUhatamus  from 

Mexico  and  Nitaiagua  (Dipteia:  Psvc  hodidac  ) 
Pick,  hntomol.  Sot.  Wash.  63:22-28. 

Fairchild,  G.  B.  and  II.  Itapido.  1950.  I  he  West 
Indian  species  ol  Phldiufnmu\  iDipteta:  Psvthodi- 
dae).  Ann.  hntomol.  S<k.  Am.  50:105-  117. 

htmseca.  F.  1935-1936.  Not.i  sobie  uni  espetie  de 
f  'ft'bufunms  do  Btasjf.  Mem.  fris(.  Ktitaman  16:61-62. 

hoiuttnii.  ().  P.  1959.  Heboiomos  nansmissotes  das 
leishmanitisis  na  Regiao  Neottopit.il.  Arch.  Vencv. 
Patol.  I  top.  Patasitol.  Mcditu.  3.193-205. 

- 1971  Solne  .i  t  lasif it  ac,ao  da  suhlamtlia 

Phlebotominae  ii.w  \mcinas  (Dipteia.  Psvthodi- 
tlae).  Papets  Vvulsos  Dept.  /ool.  S.  Paulo  24:93- 
I  I  i 

-  1973.  1-  niotnoiogia  metfita.  IV.  fNvt  boefidae. 

Pltlebotommac’.  hetshmanioses.  Barnmelose.  Fd- 
gatd  Bolt  bet.  S.  Paulo.  658  pp. 

Giessitt,  |.  I  and  M  K  Gievutt.  1962.  An  imptnved 
Malaise  Map.  Pa*  i fit  Insects  1  87-90. 

Giogl.  M  .  R  h  Kuhn.  I)  S.  Davis  and  G.  l  (•teen. 
1984  \  lit  (In  k  lies  to  /  fXpunu'uina  « t  ttzt  m  tmtiio  m 

I  e\as  |  Patasitol  70  nn  piessj 

Hall.  I).  G  1936  Phh  ■bniumus  t  /i>uplum\i,ii  diahultt  to.  a 
new  species  of  biting  gnat  tiom  I  exas  iDipiciu 
Psvc  hodidae).  Phh  .  h  niotnol.  S«h  Wash.  38:27-29. 

Hanson.  \\  |  1968  I  he  immatme  stage’s  of  the 

suhlamilv  Phlel>otomm.u’  in  Panama  (  Diptet  a;  INv  - 
(hodidac  )  Pit  I).  dissertation  l  rme?s»f\  of  Kansas. 
Manhattan  1 04  pp  Available  hum:  l  mveisitv  Mi 
trofilms.  \nn  A  then.  Ml.  Puhl.  No.  68-  |  , . 
390 

UaiwtHid.  R  F.  1965.  ( )bsei  valions  on  distnbutk  ut 
and  hiologv  c >f  Phh  bulmnuy  sandllies  litun  Noiih 
westetn  North  V  met  it  a.  Pan. -Pat.  hntomol 

411-4 

Hertig.  M.  and  P.  I  .  Johnson.  1961.  The  teatingof 
Phhbuhnnus  sandllies  (Dipteia:  Pw  c  hodidae).  1 
Technique.  Ann.  hntomol.  Sen.  Am.  54:753-764. 

Johannsen.  ().  A.  1943.  A  noxious  species  of  Phh 
hntnmu*  in  the  Okefenokee  Swamp.  (»eoigia.  Psvc  he 
50:112-113. 


284 


Mosgi  no  Nkws 


Voi  .  44,  No.  2 — Part  II 


Kocan.  K.  M.,  D  W  MacVean  and  J.  C.  Fox.  1983. 
Ultrastructure  of  a  Leishmama  sp  isolated  from 
dogs  in  an  endemic  focus  in  Oklahoma.  J  Parasitol. 
69:624-626. 

Kreutzer,  R.  D.,  M.  K.  Semko,  L.  D.  Hendricks  and 
N.  Wright.  1983.  Identification  of  Leishmama  spp.  bv 
multiple  isozvme  analysis.  Am.  J.  Prop.  Med.  Hyg. 
32:703-715. 

Laurel,  T.  H.  1958.  Notes  on  the  collection  of  Phlebo¬ 
tomus  stewarti  Mangabeira  and  Cialindo.  Pan-Pac. 
Entomol.  34:219-220. 

Lewis,  D.  J.  1965.  Internal  structural  features  of  some 
Central  American  phlebotomine  sandflies.  Ann. 
Trop.  Med.  Parasitol.  59:375-385. 

-  1971.  Phlebotomid  sandflies.  Bull.  W  H  O. 

44:535-55 1 . 

-  1973.  Phlebotomidae  and  Psychodidae  (sand¬ 
flies  and  moth  flies).  P.  155-  179.  in  K.  G.  V.  Smith 
led.]  Insects  and  other  arthropods  of  medical  im¬ 
portance.  British  Museum  (Natural  History),  Pub. 
No.  720. 

-  1974.  The  biology  of  Phlebotomidae  in  rela¬ 
tion  to  leishmaniasis.  Annu.  Rev.  F.ntomol. 
19:363-384. 

-  1975.  Functional  morphology  of  mouihpatts 

in  New  World  phlebotomine  sandflies  (Diptera: 
Psvchodidae)  Irans.  R.  Entomol.  Soc.  Lond. 
126:497-532. 

Lewis,  D.  J.  and  P.  C.  C.  Garrtham.  1959.  The  species 
of  Phlebotomus  (Diptera:  Psychodidae)  in  British 
Honduras.  Proc.  R.  Entomol.  Soc.  Lond.  (B) 
28:79-89. 

Lewis,  D.  J.,  D.  G.  Young.  G.  B.  Fairchild  and  D.  M. 
Minter.  1977.  Proposals  for  a  stable  classification  of 
the  phlebotomine  sandflies  (Diptera:  Psychodidae). 
Syst.  Entomol.  2:319-332. 

Lindquist,  A.  W.  1936.  Notes  on  the  habits  and  bi¬ 
ology  of  a  sand  fly.  Phlebotomus  duibolicus  Hall,  in 
southwestern  Texas  (Diptera:  Psychodidae).  Proc. 
Entomol.  Soc.  Wash.  38:29-32. 

MacVean.  D.  W„  R.  G.  Buckner.  J.  C.  Fox  and  B.  L. 
Glenn.  1979.  Canine  leishmaniasis  in  Oklahoma. 
CDC,  Veterinary  Public  Health  Notes.  L'SDHEW, 
CDC.  October,  pp.  6-7. 

Maness,  P.  S.  1981.  Leishmaniasis,  a  case  report. 
Southwest  Vet.  34:39-42. 

Mangabeira.  O.  and  P.  Galindo.  1944.  The  genus 
Flebotomus  in  California.  Am.  J.  Hvg.  49:182-198. 
Martins,  A.  V.  and  E.  N.  Morales-Farias.  1972.  Sobre 
a  distribuicao  geografica  dos  flebotomineos  Ameri¬ 
canos  (Diptera,  Psychodidae,  Phlebotominae).  Rev. 
Brasil.  Biol.  32:361-371. 

Martins,  A.  V.,  P.  Williams  and  A.  L.  Fa  lea  o.  1978. 
American  Sand  Flies  (Diptera.  Psychodidae,  Phle¬ 
botominae).  Academia  Brasilcria  De  Ciencias,  Rio 
De  Janeiro,  R.  J.  195  pp. 

Ortiz,  I.  1965a.  Contribution  al  estudio  de  los  flebot- 
omos  americanos  del  grupo  rayennensis  con  la 
description  de  una  nueva  especie:  Phlebotomus  ye  ti¬ 
ro  ne  mis  n.sp.  (Diptera,  Psychodidae).  Acta  Biol. 
Venez.  4:205-2 1  1 . 

-  1965b.  Contribut  ion  al  estudio  de  los  fleboto- 

mos  americanos  del  grupo  sanguinartus  con  la  des¬ 
cription  de  una  nueva  especie:  Phlebotomus  srorznt 
n.sp.  (Diptera.  Psvchodidae).  Acta  Biol.  Venez. 
5:25-39. 


Ortiz.  1.  and  A.  Alvarez.  1963.  Sobre  un  nuevo  Phle¬ 
botomus  (P  cefenmn  nov.  sp.)  de  Venezuela  (Insecta: 
Diptera:  Psvchodidae).  Rev.  Venez.  Sanid.  Asist. 
Soc.  28:311-314. 

Packihanian.  A.  1946.  The  distribution  of  species  of 
sandflies.  Genus  Phlebotomus,  in  the  United  States, 
and  their  relation  to  the  transmission  of  leishman¬ 
iasis.  Tex.  Rep.  Biol.  Med.  4:35-41. 

Parman.  D.  C.  1919.  Notes  on  Phlebotomus  species 
attacking  man.  J.  Econ.  Entomol.  12:211-213. 
Perkins,  P.  V  1982.  The  identification  and  distribu¬ 
tion  of  phlebotomine  sand  flies  in  the  L'nited  States 
with  notes  on  the  biology  of  two  species  from 
Florida  (Diptera,  Psychodidae).  Ph  D.  Thesis.  Uni- 
versitv  of  Florida.  196  pp.  [University  Micro  Films. 
Ann  Arf>or.  ML  Publ.  No.  8302284.] 

Peters.  W.  1981.  Technological  advances  in  protozoal 
taxonomy  and  systematic*.  pp.  200-209.  In  E.  U. 
Canning  [ed.],  Parasitological  topics,  a  presentation 
volume  to  P.  C.  C.  Garnham.  F.  R.  S.  on  the  occa¬ 
sion  of  his  80th  birthdav.  Society  of  Protozoologists. 
Special  Publ.  No.  1. 

Quale.  L.  W.  1955.  A  revision  of  the  Psychodidae 
(Diptera)  in  America  north  of  Mexico.  Univ.  Calif. 
Publ.  Entomol.  10: 103-273 

-  1965.  Family  Psychodidae.  pp.  91-97.  In  A. 

Stone,  C.  W.  Sabrosky.  W.  W.  Wirth  and  R.  H. 
Foote  (ed.).  A  catalogue  of  the  Diptera  of  America 
north  of  Mexico.  U.S.  Dep.  Agric.  Handb.  276. 
Quate.  L.  W.  and  J.  R.  Vcx  kerolh.  1981.  Psvchodidae. 
pp.  293-300.  In  J.  F.  McAlpinc.  B.  V.  Peterson. 
G.  E.  Shewell,  H.  J.  Teskcy.  J.  R.  Vockeroth  and  D.  M. 
Wood  [ed.].  Manual  of  Nearctic  Diptera.  Vol.  1. 
Research  Branch  Agric.  Canada.  Monograph  No. 
27. 

Ramos  Aguirre.  C.  1970.  Leishmaniasis  en  la  region 
carbonifera  de  Coahuila.  Reporte  de  dos  casos  de  la 
forma  anergica  difusa.  Dermatol.  Rev.  Mex. 
14:39-45. 

Rol>erts.  R.  H.  1965.  A  steer-baited  trap  for  sampling 
insects  affecting  cattle.  Mosq.  News  25:281-285. 
Rosabal,  R.  1954.  Contribution  al  estudio  de  los  Phle¬ 
botomus  de  Costa  Rica  (Diptera.  Psvchodidae).  Tesis, 
l'ni\.  Costa  Rica.  Minis’ erio  Salubr.  Publ..  No.  3.  55 

pp 

Rosabal,  R.  and  A.  Miller.  1970.  Phlebotomine  sand 
flies  in  Louisiana  (Diptera:  Psychodidae).  Mosq. 
News  30:180-187. 

Rosabal.  R.  and  A.  Trejos.  1964.  Phlebotomus  de  El 
Salvador  (Diptera,  Psvchodidae).  I.  Especies  con- 
ocidas.  Rev.  Biol.  Trop.  12:167-173. 

-  1965  Phlebotomus  de  El  Salvador  (Diptera. 

Psvchodidae).  II.  Observac  iones  sobre  su  biologia 
con  especial  referent ia  a  P  longipalpis.  Rev.  Biol. 
Trop.  13  219-228 

RozebcHim.  L.  E.  1944.  Phlebotomus  limni  Fonseca  in 
the  United  States  (Diptera:  Psvchodidae).  J. 
Parasitol.  30:274-275. 

Shannon,  R.  C.  1913.  Feeding  habits  of  Phlebotomus 
vexator  Coq.  Proc.  Fnlnmol.  Soc.  Wash.  15:165- 
167. 

- 1926.  Ihe  occurrence  of  Phlebotomus  in 

Panama.  J.  Wash.  Acad.  Sc i.  16:190-193. 

Shaw  ,  P.  R.,  L.  I .  Quigg.  D.  S.  Allain,  D.  D.  Jutanek 
and  G.  R  Healv.  1976.  Autochthonous  dermal 
leishmaniasis  in  Texas.  Am.  |.  Irop.  Med.  Hvg. 
25:788-796. 


Jink.  1984 


Mosquito  Nkws 


285 


Shemanchuk,  J.  A.,  R.  H.  Robertson  anda  K.  R.  Dep- 
ner,  1978.  Occurrence  of  two  species  of  Phleboto- 
mus  sandflies  (Diptera:  Psychodidae)  in  burrows  of 
yellow-bellied  marmot,  Marmota  flaihventns  nosttph- 
vra,  in  southern  Alberta.  Can.  Entomol.  110:13- 
55-1358. 

Simpson.  C.  F..J.  W.  Harvey  and  T.  W.  French.  1982. 
Cltrastructure  of  atnastigotes  of  Leishmama  dono- 
vani  in  the  bone  marrow  of  a  dog.  Am.  J.  Vet.  Res. 
43:1684-1686. 

Simpson.  M.  H.,  J.  F.  Mullins  and  O.  J.  Stone.  1968. 
Disseminated  anergic  cutaneous  leishmaniasis. 
Arch.  Dermatol.  97:301-303. 

Snow.  W.  F.  1955.  Feeding  activities  of  some  blood 
sucking  Diptera  with  reference  to  vertical  distribu¬ 
tion  in  bottomland  forest.  Ann.  Entomol.  Soc.  Am. 
48:512-521 

Stewart,  C.  D.  and  J.  F.  Pilchner.  1945.  American 
leishmaniasis.  Report  of  an  autochthonous  case. 
Arch.  Dermatol.  Syph.  51:124-128. 

Sudia,  W.  D.  and  R.  W.  Chamberlain.  1962.  Batterv 
light  trap,  an  improved  model.  Mosq.  News. 

22:126-129. 

Steyskal,  G.  C.  1979.  Lutzomyia  vfxator  (Coquillett)  the 
correct  designation  for  Lutzomyui  vexatnx  of  authors 
(Diptera:  Psvchodidae).  Proc.  Entomol.  Soc  Wash. 
83:423. 

Theodor.  ().  1933.  A  note  on  Phlebotomus  vexator, 
Coquillett  (Dipt.).  Stvlops  2:274-276 

-  1965.  On  the  classification  of  American  Phle- 

botominae.  J.  Med.  Entomol.  2:171-197. 

Thurman,  D  C..  J.  A.  Mulrennan  and  E.  B  Thur¬ 
man.  1949.  Occurrence  of  Phlrbotomus  (Seophlebo- 
tomus)  \hannuni  Dvar  in  Florida  (Diptera.  Psvcho¬ 
didae).  J.  Parasitol.  35:199-200. 

Vargas.  L.  and  A.  Diaz  Najera.  1953a.  Nuevas  es- 
pecies  de  flebotomos  de  Mexico  (Diptera:  Psycho¬ 
didae).  Rev.  Inst.  Salubr.  Enferm.  Trop.  13:41-52. 


-  1953b.  l.ista  de  Flebotomos  mexicanos  y  su 

distribution  geografica  (Diptera:  Psychodidae). 
Rev.  Inst.  Salubr.  Enferm.  Trop.  13:309-314. 

Walton.  B.  C.,  R.  W.  Intermill  and  M.  E.  Hajduk. 
1977.  Differences  in  biological  characteristics  of 
three  Lexshmania  isolates  from  patients  with  espun- 
dia.  Am.  J.  Trop.  Med.  Hyg.  26  850-855. 

W'illiams.  P  1966.  Experimental  transmission  of 
Istshmania  mrxifana  by  Lutiumyui  rrurmta.  Ann, 
Trop.  Med.  Parasitol.  60:365-372. 

-  1970.  Phlebotomine  sandflies  and  leishman¬ 
iasis  in  British  Honduras  (Belize).  Trans.  R  Soc 
Trop.  Med.  Hyg.  64:317-368. 

Young.  D.  G.  1972.  Phlebotomine  sandflies  from 
Texas  and  Florida  (Diptera;  Psychodidae).  Fla 
Entomol.  55:61-64. 

-  1979.  A  review  of  the  bloodsucking  psvchodid 

flies  of  Colombia  (Diptera:  Phlebotominat*  and  Sv- 
coracinae).  Inst.  Food  Agric.  Sci.  Tech.  Bull  806. 
Cniv.  of  Florida.  Gainesville.  266  pp. 

Young.  D.  G. ,  R  J  Brenner  and  M.  J.  Wargo.  1983.  A 
new  phlebotomine  sand  flv  from  southern  Califor¬ 
nia.  L.S.A.  (Diptera:  Psychodidae)  J  Med  En¬ 
tomol.  20:313-315. 

Young.  D.  G..  P  V  Perkins  and  R  G  Endris.  1981  A 
larval  diet  for  rearing  phlebotomine  sand  flies 
(Diptera:  Psvchodidae)  J.  Med  Entomol.  18  446. 

Zeleddn,  R.  and  M  Alfaro.  1973.  Isolation  of  Lash 
mama  braziltensts  from  a  Costa  Rican  sandflv  and  its 
possible  use  as  a  human  vaccine.  Trans.  R  S<k. 
Trop.  Med.  Hvg.  67:416-417 

Zeleddn.  R..  G.  Macaya,  C.  Ponce.  F.  Chaves.  J. 
Murillo  and  J.  A.  Bonilla.  1982.  Cutaneous  leish¬ 
maniasis  in  Honduras.  Central  America.  Trans,  R 
Soc.  Trop.  Med.  Hyg.  76:276. 

Zeleddn,  R..  C.  Ponce  andj.  Murillo.  1979.  Leishmama 
herrerx  sp.n.  from  sloths  and  sandflies  of  Costa  Rica 
J.  Parasitol.  65:2”5-279. 


286 


Mosqiiio  Xf.vvs 


V'oi  .  14.  NO.  2 — Pari  II 


Fir  2  l.ulinmmi  nuncio  (Cixjiiillrll)  A  Male  teiminalia.  lateral '  tew;  B.  Female  "mg;  (  Male  wing;  IF  F  ml 
nl  female  abdomen  showing  papillate  lobe  <il  lergnc  8.  Male  in  mm;  F  Spei  mathccac  ami  genital  link.  F  Male 
head;  (.  Female  <  ihaiium;  FI.  Male  llagc-Uomet  c  II;  I  Female  llagellomcie  II;  |  Female  head  Hi  awn  I  mm 
Florida  specimens  at  same  scale  as  comparable  sinulmes  in  Fig.  4. 
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Fig.  4.  Luliomyia  irrophila  Young,  Brenner  and  Wargo.  A.  Female  flageliomere  II;  B.  Female  head;  C.  Male 
flagellomere  II;  D.  Male  head;  E.  and  F.  Different  views  of  male  parameres;  G.  Male  aedeagal  filaments, 
ejaculatory  apodeme  and  sperm  pump  drawn  at  same  scale  as  Fig.  4L;  H.  Spermatheca  drawn  in  Canada 
balsam;  I.  Spermathecae  and  genital  fork  drawn  in  phenol;  J.  Female  wing;  K.  Male  wing;  L.  Male  terminalia; 
M.  Female  cibarium;  same  scale  as  Fig.  4N;  N.  Female  cibarium.  All  figures  after  Young  el  al.  (1983),  except 
Fig.  4M,  from  California  specimens.  Scale  in  mm. 
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Fig.  5.  Lutzomyia  aquiloiua  (Fairchild  and  Harwood).  A.  Male  terminalia;  B.  Female  wing;  C.  Male  wing;  D. 
Spermathecae  and  genital  fork;  F..  Spermatheca  of  allotype;  F.  Male  aedeagal  filaments,  ejaculatory  apodeme 
and  sperm  pump;  G.  Female  head;  H.  Male  head;  1.  Female  flagellomere  II;  J.  Male  flagellomere  II;  K.  Female 
cibarium.  Drawn  from  Washington  State  specimens  at  same  scale  as  comparable  structures  in  Fig.  4. 
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Fig.  1 1.  Lulzomyui  opptdana  (Dampf).  A.  Male  terminalia;  B.  Mate  ftagetlomere  11;  C.  Female  flagettomere 
II;  D.  Female  cibarium;  E.  Spermathecae  and  genital  fork;  F,  Tip  of  aedeagal  filament;  G.  Aedeagal  filaments, 
ejaculatory  apodeme  and  sperm  pump.  Drawn  from  Mexico  specimens  at  same  scale  as  comparable 
structures  in  Fig.  4.  Also  see  Figs.  16A,  B  and  I7A,  B. 


Fig.  14.  Lutzomyia  califomica  (Fairchild  and  Hertig).  A.  Male  terminalia;  B.  Spermathecae  and  genital  fork: 
C.  Male  aedeagal  filaments,  ejaculatory  apodeme  and  sperm  pump:  D.  Female  wing;  E.  Male  wing;  F,  Male 
cibarium;  G.  Female  head;  H.  Male  head;  1.  Female  cibarium,  J.  Female  flagellomere  II;  K.  Male  flagellomere 
(I.  Drawn  from  California  specimens  at  same  scale  as  comparable  structures  in  Fig.  4. 
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★  L  .  cruciata 

•  L .  diabolica 


Fig.  18.  Distribution  ol  iMtziimxia  nu/mlti  and  tlutbn/itti  in  North  Amenta. 


Fig.  19.  Distribution  of  l.utznmyiri  xrrnphtlti.  /,.  aquihnin,  /..  anthofilmm  and  t hannum  in  North  A  merit  .1. 


•  L .  vexator 


*  L.  californica 

•  L.  cubensis 


